Slu&pJunL 



Prepared by 

CHIEF OF NAVAL 
AIR TECHNICAL TRAINING 
and 

BUREAU OF NAVAL PERSONNEL 



aroo p-Lx"fc>listi±n.g oompany, ino. 



*BO LIXIMOTON AV1KUB NEW YORK IT, 1*. TT. 



Copyright 
19157 by 

Arco Publishing Company, Inc. 
New York 

Printed in the United States 
of America 



PREFACE 



Blueprint Reading is written as a basic re- 
ference book for men whose duties require a 
knowledge of blueprint reading and layout work. 

This book combines and supersedes Blue- 
print Reading and Layout Work and Use of 
Blueprints. 

Beginning with a general discussion of the 
uses and kinds of blueprints, the text explains 
the language of a blueprint- -lines, sections, 
symbols, dimensions, conventions, notes, and 
titles. Layout tools and geometry required, as 
well as procedures involved, are discussed. 
The sections on wiring and schematic diagrams 
are expanded in accordance with the increased 
training demands in electrical and electronic 
equipment and in order to acquaint operating 
personnel more rapidly with the symbolic nota- 
tion now being standardized throughout the 
Armed Services. 



This book is one of the basic Navy Training 
Courses and represents the joint endeavor of 
the Naval Air Technical Training Command and 
the Training Publications Section of the Bureau 
of Naval Personnel. 
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CHAPTER 1 

MAKING AND HANDLING BLUEPRINTS 

HOW ARE THEY MADE? 

Blueprints are exact copies of mechanical or other 
types of drawings. 

A mechanical drawing is one made with instruments 
such as compasses, rules, and dividers. Blueprints, or 
prints, as they are often called, are made from these 
drawings in much the same way that photographs are 
made from negatives. 
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The negative for the blueprint is known as a tracing. 
It is made by placing a sheet of translucent tracing 
paper or cloth over the drawing. Everything on the 
drawing is traced on the tracing paper or cloth with 
black waterproof ink or a special black pencil. After the 
tracing is completed, it is checked, and the original 
drawing is filed for future use. Some drawings are made 
directly on the tracing material in pencil and then traced 
with ink or with the special black pencil. 

Next, the tracing is placed on a sheet of clear Kiass 
mounted in a special frame. The tracing is covered with 
a sheet of sensitized light-green blueprint paper. The 
front of the frame is then exposed to a strong light, 
which penetrates the tracing at all parts not covered by 
lines and causes a chemical action on the print paper. 
There is no chemical action under the lines of the tracing 
because the black lines block off the light. 

After proper exposure the print is removed and 
washed in clear water to remove the unexposed chemical. 
The exposed portions of the print paper turn a deep 
blue during the washing. The lines are white. 

Any number of prints can be made from one tracing 
if it is handled carefully. When a large number of prints 
are required, they are made in a blueprinting machine, 
but the same principle is involved. 

BLUEPRINT COLORS 

Blueprints aren't always blue. All kinds of reproduced 
drawings are commonly referred to as blueprints or 
just prints. They may be white, brown, black, gray, or 

other colors. The differences lie in the kinds of papers 
jsed and in the development processes. 

Black-and-white prints have black lines on white 
background. 

Ammonia prints, or ozalids, have black, maroon, 
purple, or blue lines on white background. 

Van Dykes have white lines on dark brown back- 
ground. 
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Negative photostats have white lines on dark gray 
background. 




SUBASSEMBLY OTHER SUBASSEMBLIES 




UNIT ASSEMBLY UNIT ASSEMBLIES 




THE FINAL ASSEMBLY 



Pifure 1-1. — Every port, every assembly has its descriptive print. 

TYPES OF BLUEPRINTS 

Look at figure 1-1. Notice that the assembling begins 
with a detail blueprint of the aileron rib. Then there's 
a subassembly blueprint. That shows how the aileron 
rib joins the other parts of the aileron assembly. Next 
Is a UNIT assembly blueprint. From it you can tell 
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where the aileron joins the other parts of the wing 
assembly. The final assembly blueprint shows the 
entire wing assembly in relation to the completed plane. 

When you are required to make a certain part you 
will use a DETAIL print. This print will give you all the 
information you need to make a new part or piece. A 
detail sheet will show one large part or several small 
parts. It shows size, shape, kind of material, and method 
of finishing. 

Remember that plan views serve as maps, that 
assembly and subassembly prints show how parts fit 
together, and that DETAIL PRINTS show everything needed 
to make a certain part or piece. 

A drawing of an electrical circuit is called a schematic. 
A schematic is laid out so that the electrical relationship 
among all the units is clear and readable. It is used for 
trouble shooting or tracking down the source of trouble 
that; occurjs within the circuit itself. 

A WIRING DIAGRAM may or may not show all the ele- 
ments of an electrical circuit, but it does indicate all the 
connections necessary for wiring the units together. It is, 
in a sense, an assembly diagram of all the parts that 
make up an electrical system. 

HANDLE WITH CARE 

Blueprints are not just scraps of paper. They are 
valuable permanent records and can be used again and 
again if you take care of them. Here are a few simple 
rules for getting the best results from them: 

1. Keep them out of strong sunlight — they might fade. 

2. Don't allow them to get wet or grease-smudged. 

3. Don't make pencil or crayon notations on a print 
without proper authority. If you should get instructions 
to mark a blueprint, use a yellow pencil. Ordinary (black 
lead) pencil marks are hard to see on a colored back- 
ground. 

4. Never measure distance on a blueprint. If you can't 
find a dimension on one view, look at another view. If 
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you still can't find it, ask someone who knows. Why not 
measure? Because the original mechanical drawings 
might not have been drawn exactly to scale, or the 
print may have shrunk or stretched. 

5. Keep your blueprints stowed in their proper place 
so that they can be readily located the next time you 
want to refer to them. 

FOLDING BLUEPRINTS 

A standardized, accurate system of filing blueprints is 
necessary in order that the prints may be found quickly. 
To expedite the locating of blueprints, the Navy (and 
the other Services) has a standard method of folding 
blueprints. This insures that the identifying marks 
always appear in the same place, preferably at the top 
when the prints are in vertical filing order. 

Most of the prints you will use will already be properly 
folded. Your only concern will be to see that they are 




Figure 1-2.— First fold, showing use of folding board. 



refolded correctly. However, you may have occasion to 
use prints that have not been folded at all or that have 
been folded improperly. Such blueprints should be folded 
according to the following instructions: 

1. All blueprints should be folded neatly, in such a 
manner that the duplicate drawing number appears on 
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the outside in the upper right-hand corner of the print. 
The fold size should be approximately 8^ inches by 
11 inches (standard business letter size). The so-called 
"accordion-pleated form," with vertical folds as shown 
in figures 1-2 and 1-3, should be used. 




Figure 1-3. — Successive folds, like the first, measure 11 inches. 
The last fold may be less than 11 inches. 

2. A folding board is required for folding blueprints 
to the standard 8V& inches by 11 inches. This board, of 
sheet metal, plastic, or plywood, should be 8% inches by 
10% inches and should have its corners rounded. 

3. A creasing device, that is, a smooth block of wood, 
metal, or plastic, or a glass paperweight, should be used 
to press the folds into LIGHT creases. (See fig. 1-4.) 

4. On the following sizes of blueprints straight folds 
or no folds will be used as indicated: 

Size in Inches Type of Fold 

$1/2 x 11 Blueprint already desired size. No fold 
required. 

11 x 17 Fold once to SV2 x 11 inches. 
17 x 22 First fold to 17 x 11, then to 8V2 x 11 
inches. 

22 x 34 First fold to 34 x 11, next to 11 x 17, then 

to 11 x 8Va inches. 
11 x34 First fold to 11 x 17, then to 8^ x 11 

inches. 



Figure 1-4.— The width is folded In 8V 2 -inch folds. 



5. On all roll-size blueprints (that is, on all prints 
except those of the sizes listed above) the accordion fold 
is made by use of the folding board. In each case the 
first fold (fig. 1-2) is made from the end that carries 
the drawing number, and it is an 11-inch fold. Each fold 
thereafter (fig. 1-3) is 11 inches, except the last, which 
in some cases may be less. After the length of the print 
has been folded down into the required number of 11-inch 
accprdion folds, the width is folded in 8V2-inch folds. 
(See fig. 1-4.) These may be rolled or straight folds. 




Figaro 1-5. — Duplicate drawing number and change are shown in 

upper right-hand corner. 
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6. When the duplicate drawing number or numbering 
area fails to appear on the face of a print, all such prints 
should be folded face side or printed side in, so that the 
print number is on the underside of an outside fold and 
can be seen when you raise one corner of the blueprint. 
(See fig. 1-6.) 




Figure 1-6. — Contractor's name provides further Identification on 

a print. 



7. Specifications for blueprints to be used by the 
Armed Forces require that the blueprints be so marked 
as to have the identifying information visible when the 
prints have been folded as prescribed in this section. 
However, some blueprints may be folded according to 
other procedures, depending on the usages of the manu- 
facturer. In such cases the proper information should be 
marked or stamped on the print as necessary. (See 
fig. 1-6.) 

QUIZ 

1. Which blueprint would represent a later step in the construc- 
tion of an object — a unit assembly or a subassembly? 

2. Blueprints are used to save mechanical drawings. What kind 
of care must you exercise to save blueprints? 

3. If a necessary line dimension were missing from your blueprint, 

why couldn't you just measure the line on the blueprint? 

93234S°— 51 2 
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CHAPTER 2 



BLUEPRINT VIEWS 

PHOTOGRAPH OR BLUEPRINT? 

A photograph of an object gives you a good idea of 
the shape of an object and the relationship of its various 
parts. It may show its exact size. The camera brings all 
visible parts into one picture view on one plane. It 
records pictures of objects much as your eyes see them. 
But the camera picture is deceptive, just as your eyes 
are deceptive. 

Just recall the last time you looked down a straight 
stretch of railroad. Your eyes told you that the tracks 
came together at a distant point, but you knew the tracks 
were parallel, so you didn't believe your eyes. Because 
the camera records this deceptive appearance, photo- 
graphs cannot be used where accurate blueprints are 
necessary. The lines on a photograph do not register 
directly the true length and shape. 

Photographic blueprints are valuable visual aids when 
used to show general location, function, and appearance 
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Figure 2-1. — Exterior characteristics of .45-caliber automatic pistol. 

of parts and assemblies. They are often used to show the 
special characteristics of parts, as in figure 2-L 

Operation steps are often shown by a series or sequence 
of photo prints. You may learn to take a mechanism 
apart and reassemble it by using photo prints as a guide. 

EXPLODED VIEWS 

Another valuable use of the photo is for exploded 
views that show locations of parts. Figure 2-2 shows 
two exploded views of the .45-caliber automatic pistol. 
Notice how the parts are spread out in line to show 
clearly each part's relationship to the other parts. These 
views are also known as TRAIN views. 

PERSPECTIVES 

Often it is desirable to have a picture of a new type 
of craft or machine before such an article has been 
manufactured. The draftsman can use his mechanical 
drawing tools to create these pictures. Figure 2-3 is an 
example of such a drawing. 

These substitute pictures are called perspectives. On 
a perspective, lines that are actually parallel would run 
together if extended. Perspectives are excellent substi- 
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tutes for photographs and may be used in the same 
manner; but you will not use either of them for construc- 
tion or repair blueprints. 

In figure 2-3 notice the length of the left and right 
wings. They are actually the same length, but if you 
measure them on the picture, you will find one shorter 
than the other. In order to draw the airplane as it 
appears to the eye, the artist FORESHORTENED the wings. 




Figure 2-3.— A perspective, like a photograph, does not 
give true lengths. 



THE ISOMETRIC 

The isometric is somewhat like the photograph and 
the perspective. All its lines representing horizontal and 
vertical lines on an object have true length. Vertical 
lines are shown in a vertical position, but lines represent- 
ing horizontal lines are drawn at an angle of 30° with 
the horizontal. Vertical lines and lines representing 
horizontals are known as ISOMETRIC lines. In figure 2-3 
all lines except A and B have true length because they 
are horizontal and vertical lines on the object. Lines A 
and B are not isometric lines, and their lengths are 
not true. 
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ISOMETRIC LINES ISOMETRIC VIEW 

Figure 2-4. — Isometrics. 



Isometrics have much the same use as other picture 
drawings. In addition, they may be dimensioned, and 
blueprints of these drawings may be used for making 
simple objects. But isometrics cannot be used alone for 
complicated parts or structures. They may be used as 
an aid in clarifying the accurate orthographic drawings 
that are the foundation of all construction blueprints. 




Figure 2-5.— -An Isometric view is the draftsman's trick for showing 
three views at once in dimension, but the object is distorted. 
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ORTHOGRAPHICS 

Blueprints that furnish complete information for con- 
struction and repair present an object in its true propor- 
tions. Such prints are copies of mechanically drawn 
orthographic views. These views are accurate and indi- 
cate true shape and size. 

When you study orthographies, look at one view at 
a time. To get a good idea of a PT boat, you must look 
at it from either port or starboard, then from dead ahead 
or astern, then from topside. By observing from many 
points you can obtain a clear understanding of the whole 
boat. This is the basic principle of orthographies. 




\ 

Figure 2-6. — The orthographic views. 

You can see a surface of an object in its true shape 
and size only by looking directly at that surface. Your 
line of sight must be perpendicular to the surface at all 
points on the surface. Only then can you tell the true 
size and shape of each surface. When these views of the 
various surfaces are placed on paper, their proper 



14 



7.4' 




Figure 2-7. — An orthographic gives true views of 
an object's dimensions. 



relationship is maintained by the proper arrangement 
of the views. 

ORDERLY VIEW ARRANGEMENT 

Study the arrangement of the three views in figure 2-6. 
The front view (lower left in figure 2-6) is the starting 
place. It was selected for the front view because it shows 
the most characteristic feature of the object — the notch. 

The right side view is projected directly to the right 
of the front view. Some of the lines on the right side view 
lie along extensions of lines on the front view. 

Notice that the top view is placed directly above the 
front view and that some of its lines lie along extensions 
of lines on the front view. 

After you study each view, try to imagine or visualize 
the appearance of the object. If you have trouble, use the 
methods shown in figures 2-8 and 2-9. 

Fold the sheet between the front and right side views. 
That will give you a rough idea of the shape of the object 
as it appears in three dimensions. Figure 2-10 shows how 
the views are "pulled" from the object. 

Think of the object as being immovable, and pretend 
that you are moving around it. This will help you tc 
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Figure 2-8.— Visualizing a blueprint. 
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Figure 2-9. — Compare the orthographic views with the model. 



relate the blueprint views to the appearance of the 
object concerned. 

AUXILIARY PROJECTION 

Look directly at the front view of fifrure 2-11. Notice 
the inclined surface. Now look at the right side view 
and the top view. The inclined surface appears fore- 
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shortened — not its true size. For a case like this the 
draftsman uses a special helping view, known as an 
AUXILIARY. It is obtained by looking directly at the in- 
clined surface. This orthographic auxiliary provides a 
reliable view of an inclined surface. The principle of the 
auxiliary is shown in figure 2-12. 

CURVED SURFACES 

If you look at the front view, a, in figure 2-14, you 
can see that the object has a curved surface. If you look 
at the right side view, 6, you'll see a triangle without 
any curve. The orthographic technique worked fine as 
long as you had a flat surface — but it is unable to show 
the curve of a curved surface. 
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Figure 2-11. — Auxiliary view arrangement. 




Rgiirt 2-12. — Auxiliary projection principle. 
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To make a cone like that shown in figure 2-14, you'll 
have to find the shape of the curved surface as it is laid 
out in the flat. You can find this shape by unrolling the 
cone. This calls for a development, and you will find 
information on this in chapter 11. 




QUIZ 

1. Why can't you use a photograph of an object as a blueprint 
when you make a replacement part for a machine? 

2. What is another name for exploded views? 

3. What lines of an isometric drawing are true in length? 

4. When are mechanical perspectives used? 

5. Why are orthographic drawings universally used as blueprints 
for construction? 

6. What type of surface requires an auxiliary projection? 

7. Sketch two orthographic views of A, three views of B, and an 
isometric of C. 




ABC 
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CHAPTER 3 

LINES AND SECTIONS 

DRAFTSMAN'S LANGUAGE 

The draftsman's drawings are composed of lines of 
different construction, each line with a special meaning. 
Lines are indeed the "common words" of the draftsman — 
he draws his language. Because he must place a large 
amount of information in a small space, he uses as few 
words as possible. 

The lines on drawings and blueprints are standardized. 
You need to learn the appearance and use of these lines 
to be able to understand blueprints. 

LINE USE 

A basketball court is laid out with lines — there are 
boundary lines, center circle lines, and free-throw lines. 
The basketball court is really a full-size, top-view ortho- 
graphic made with lines. The lines may be of different 
lengths, widths, colors, and shapes for different uses. 
This same principle is used on mechanical drawings. On 
a blueprint the draftsman uses outline lines. They 



OUTLINE 

correspond to the boundary lines of the basketball court. 
These heavy, solid lines represent the edges and surfaces 
that are visible from the angle at which the view is 
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drawn. You wouldn't be able to identify an object without 
the outline lines. 

If you could look right through an object you would 
see other lines in the object and on the back surface. 
To represent these invisible lines the draftsman uses a 
medium-weight broken line. It is a series of short dashes, 
all of the same length. 



HIDDEN LINE 

These dashed lines are called hidden lines. They 
represent edges of surfaces behind the view which is 
represented by the regular outline lines. Both of these 
kinds of lines are shown in figure 3-1. Notice that these 
two types of lines form the backbone of the drawing. 

Alternate position lines show possible alternate 
positions of moving parts. The lever in figure 3-1 is 
shown in a right-hand position. But the alternate posi- 




Figure 3-1. — Use of lines. 
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ALTERNATE POSITION LINE 



tion lines tell you that it moves to the left, swinging- 
through an arc of 60°. The dashes of this line are the 
same weight as hidden lines, but they are twice as long. 

To locate the center of a circle or arc, CENTERLINES 
are used. They're also used to divide drawings into equal 
or symmetrical parts. You'll find these lines helpful in 
dimensioning and lining up views. Notice that the 
centerline is a lightweight line with alternate long and 
short dashes. Centerlines are always used to locate the 
center of a round hole. 



Size is indicated on drawings by dimensions. Navy 
blueprints are usually dimensioned in inches. Size dimen- 
sions are placed in a break in the dimension line. Some 
dimensions are placed between arrowhead tipped lines. 
In either case, the dimension distance is from the point 
of one arrowhead to the point of the other arrowhead. 



To keep the dimensions clear of the view, they are 
placed outside the view. Sometimes it may be necessary 
to put dimensions inside the outline, but it's better 
practice to keep them outside. Extension lines, light 
in weight, extend from lines of the outline. They are 
started about one-sixteenth of an inch away from the 
view outline. 



CENTERLINE 




DIMENSION LINE 




LEADERS 




93234S 0 — 51- 
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Notice how the different kinds of lines are labeled in 
figure 3-1. Each name is tied to the proper line by a 
leader. Either straight- or curved-line leaders may be 
used. A straight-line leader is usually slanted at an angle 
to the lines on the drawing. The pointing end of the 
leader is usually tipped with an arrowhead of one of the 
types shown. The note or name used with the leader is 
located in a clear space that is not covered by the views 
of the drawing or the dimension lines of the drawing. 

Sometimes the draftsman is cramped for space. If he 
drew the whole object, he would either run off the paper 
or have undersize views. So he uses long break lines to 
tell you that he has shortened that part. The long break 
line is simply a space saver for the draftsman ; it does not 
change the actual length indicated by the dimension. 

\ A, \ 

LONG BREAK LINE 

Short break lines tell you that the draftsman has re- 
moved part of an outer surface to reveal the inside struc- 
ture. (Notice the two short break lines in fig. 3-1.) You 
will find that short break lines usually come in pairs. 



SHORT BREAK LINE 

To indicate where thin metal is to be bent, the drafts- 
man uses BEND lines. Some draftsmen place dots on the 
line instead of the note "Bend here." 



BEND HERE . 



BEND LINES 
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COMPARATIVE WEIGHT OF LINES 

Learn to distinguish lines by their weight, or width, 
which may be heavy, medium, or light. Figure 3-2 
shows the weights of the lines you have learned in this 
chapter. Train your eyes to recognize instantly any kind 
of line. 

OBJECT OUTLINE 
HIDDEN OUTLINE 
ALTERNATE POSITION 
CENTER LINE 
^DIMENSION 

EXTENSION 

LONG BREAK V V — 

SHORT BREAK I 1 I 1 

CUTTING PLANE * * 

Figure 3-2. — Comparison of Hie weights. 

INSIDE SECTIONS 

When you first see a new type of boat, ship, or plane, 
you like to look inside to see how it's made. A sectional 
view allows you to "look inside" an object shown on a 
blueprint. One of the views is shown just as if you had 
sawed out a section. 

Notice the cutting plane line AA in figure 3-3a. It 
shows where the imaginary cut has been made. The iso- 
metric in figure 3-36 helps you to visualize the cutting 
plane. The arrows point in the direction in which you 
are to look at the sectional view. 

Figure 3-3c is an isometric showing how you would 
see the object if it were actually cut in half. 

The orthographic view of section A-A, figure 3-3d, is 
placed on the drawing instead of the confusing front 
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view in figure 3-3a. Notice how much easier it is to under- 
stand. 

When sectional views are made, the part that is cut by 
the cutting plane is marked with diagonal, parallel sec- 
tion LINES. The draftsman's word for the process of 
making these lines is crossmatching. When two or more 
parts are shown on one view, each part is sectioned or 
crosshatched with a different slant of line. Section views 
are necessary for a clear understanding of complicated 
parts. On simple drawings a section may serve the pur- 
pose of an additional view. 

Section A-A in figure SSd is in PULL SECTION, because 
the object is cut completely through. You won't always 
see a full section. But there are other sections to help you 
to look inside. They are discussed in the next few pages. 

OFFSET SECTION 

In an OFFSET SECTION you have a joggle or offset in the 
cutting plane. The offset cutting plane in figure 3-4 is 
arranged so that the hole on the right side will be shown 
in section. The sectional view is the front view, and the 
top view shows the offset cutting plane line. 

26 






Figure 3-4. — OfFset section. 



HALF SECTION 



Figure 3-5 shows a half section. A half section is 
used when the object is symmetrical in both outside and 
inside details. One half of the object is sectioned; the 
outer half is shown as a standard view. 

The object is round, and if you cut it into two equal 
parts and then divided those parts equally, you'd have 
four quarters. Now remove a quarter. 

That's what the cutting plane has done in the perspec- 
tive. It has taken a quarter of the cylinder away so that 
you can look inside. If the cutting plane had extended 
along the diameter of the cylinder, you would have been 
looking at a full section. But the cutting plane in this 
drawing extends the distance of the radius, or only half 
the distance of a full section. Hence it is called a half sec- 
tion, rather than a quarter section. 

The draftsman has inserted an arrow to show your line 
of sight. What you see from that point is drawn as a half 
section in the orthographic view. The width of the ortho- 
graphic view represents the diameter of the circle. One 
radius is shown as a half section ; the other, as an exter- 
nal view. 



Flgur* 3-5. — Half section 



REVOLVED SECTION 

To eliminate drawing extra views of rolled shapes, ribs, 
and similar forms, the draftsman uses a revolved sec- 
tion. It is really a drawing within a drawing, and it 
clearly describes the object's shape at a certain cross- 
section station or point. 




Hgart 3 4. Movlvd »«cti*n. 



The draftsman has revolved the sectional view of the 
rib in figure 3-6, so that you can look at it head-on. 
Because of this revolving feature this kind of section is 
called a revolved section. 

BROKEN-OUT SECTION 

The inner structure of a small area may be shown by 
peeling back or removing the outside surface. The spark 




plug interior is better shown in figure 3-7 because of the 
broken-out SECTION, which makes it possible for you to 
"look inside." 

ALINED SECTION 

Look at the front view of the handwheel in figure 3-8. 
Notice the cutting plane line, A A. 

True orthographic projection of a cross section along 
AA will look like the drawing shown in a. But you may 
have to stop and figure out the relation of that cross sec- 
tion to the front view. 

By alining both spokes with the cutting plane — that is, 
so that they touch the cutting plane — the draftsman is 
able to show a cross section that is much easier to read 
and understand. 

Alining is good draftsmanship. It is the conventional 
way of simplifying complicated cross sections. 

Notice that the spokes are not section lined in b. That's 
the usual way of showing an alined section. 
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A TRUE PROJECTION AL INCD 

POOR PRACTICE GOOD PRA CTK£ 

Rgure 3-8. — Alined stction of handwheel. 

CONVENTIONAL BREAKS AND SHAPE SYMBOLS 

A Ions: bar or pipe that has a uniform cross section is 
not always shown in its entire length. By breaking out 
one or more pieces and moving the ends together, a larger 
and more readable scale can be used. The true length, of 
course, is still indicated by the dimensions stated on the 
blueprint. 

The draftsman uses an assortment of lines to indicate 
breaks in showing different shapes and materials. Figure 
3-9 shows some of the conventional breaks employed in 
drawings to indicate special shapes and symbols. 

MATERIAL SYMBOLS 

The Munitions Board Standards Agency of the Depart- 
ment of Defense has standardized certain material sym- 
bols for section views. You can see a part of this official 
code in figure 3-10. It will be well worth your while to 
learn these material symbols. 

The symbols shown in figure 3-10 do not indicate spe- 
cific types ; for example, the symbol for metals does not in- 
dicate whether a metal is cold-rolled, tungsten, or some 
other type of steel. The right type will be specified else- 
where on the blueprint. The symbols shown in figure 3-10 
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Figure 3-t. — Conventional breaks and special symbols. 

are known as simplified sectioning conventions and 
their use is preferred wherever practical. 

On non-standard prints you may also find other special 
symbols — and even colors — but such special usages will 
always be explained in the blueprint legend, that is, in 
the special information table on the blueprint. 

HOW THREADS ARE DRAWN 

There are various ways of representing threads. Out- 
side threads are shown in figure 3-11. 
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Fibre, fabric and Glass, ceramic* and, Insulating material*, 

composition plastics electrical, sound and heaV, 




Masonry Metals and explosive* 



Figure 3-1 0.— Section lining symbols. 

On the left you see a thread profile in section. On the 
right is a common method of showing 1 threads. To save 
time the draftsman uses symbols that are not drawn to 
scale. The length of the threaded part is dimensioned, 
but other necessary information appears in the NOTE, 
which in this case is */4-20 NC-2. 

The first number of the note, % t indicates the outside 
diameter of the thread. The number after the first dash, 
20, shows that there are 20 thread points per inch. The 
letters NC indicate a type of thread, National Coarse. 
The last number, 2, indicates a No. 2 ( thread fit, which is 
a free fit. 




Figure 3-11.— Outs id* threads. 
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Specifications necessary for the manufacture of screws 
include thread diameter, thread series, class of thread fit, 
and number of threads per inch. There are two pitch 
series for each thread diameter : a coarse pitch — NC, and 
a line pitch — NF. There are more fine threads per inch 
of screw length than coarse threads. According to thread 
pitch, the most widely used screw thread is trie National 
Form thread, which includes National Fine, NF ; National 
Coarse, NC; and National Standard, N. Thread fits are 
classified as : 

Class 1. Permissible for work in which shake and 
looseness are not objectionable. 

Class 2. Most widely used for general work. 

Class 3. A high-grade thread, possible with precision 
tools and gages. 

Class 4. Requires hand selection of threaded parts for 
best fit 

THREAD FACTORS 

Following are definitions of some of the terms com- 
monly used in connection with threads : 

Pitch is the distance between corresponding points on 
two threads. 




Figure 3-12.— Internal threads. 
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Lead is the distance a screw advances in one turn. 
Major diameter is the largest diameter of a screw 
thread. 

Minor diameter is the smallest diameter of a screw 
thread. 

Crest of a thread is its width at the top surface which 
joins the sides. 

Pitch diameter is the diameter of an imaginary cylin- 
der which would cut equally the width and depth of the 
thread. 

Root of a thread is its width at the bottom surface 
which joins the sides. 

Depth of a thread is its vertical distance, measured 
from crest to root. 

Internal threads (fig. 3-12) may be shown by sev- 
eral kinds of symbols. Here again it isn't necessary to 
draw the threads accurately when an easily drawn sym- 
bol will do just as well. 

Notice that the threads in figure 3-11 may be screwed 




Hgiire 3-13. — Threaded assembly. 
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BOLT STUP TAP BOLT 

Figure 3-14.— Bolts and studs. 



into the threaded holes in figure 3-12. Why,? Because the 
note on each one tells us that the threads are exactly the 
same. 

Threads may be shown in section, especially in assem- 
bly views. Look at figure 3-13. It shows clearly the rela- 
tionship of the plug and the opening into which it is 
screwed. 

Bolts and studs are indicated on drawings by outlines 
and symbols, as shown in figure 3-14. 

GEARS 

Gear teeth generally are not shown on blueprints, ex- 
cept when a few are drawn to indicate the proper dimen- 
sions. Figure 3-15 shows how gears may be represented 
on a mechanical drawing. 

GEAR TERMS 

Special terms are used to indicate gear measurements. 
Some of these terms have been added to figure 3-15 for 
the purpose of the discussion here, but they would not be 
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Hgnre 3-1 5. — Gear drawings. 



so designated on a blueprint. Instead they would appear 
as notes giving the appropriate dimensions, for example : 

Pitch 5 

Linear P. .5331 
Addendum .1131 
, Dedendum .0992 

Some of the more common terms used with gears are 
as follows: 

Face width: distance across the pitch surface of a 
gear. 

Pitch diameter (D) : imaginary diameter on which 
gears would roll as cylinders. 

Diametral pitch (P) : number of teeth per inch of 
pitch diameter. 

Pitch circle: the circle having the pitch diameter. 

Circular pitch (P) : distance on the pitch circle be- 
tween corresponding points of two adjacent teeth. 

Whole depth op tooth (W) : distance from the out- 
side diameter to the bottom of the tooth. 

Working depth (W) : greatest depth to which a tooth 
of one gear extends into the tooth space of another gear. 

Addendum (S) : radial distance from the pitch circle 
to the top or crest of the teeth. 
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Dedendum (S) : radial distance from the pitch circle 
to the bottom or root of the teeth. 

Clearance (F) : radial distance from the top of one 
tooth to the bottom of a tooth mating space. 

QUIZ 

1, Number your paper from 1 to 6 and write down the names of 
the five lines in the accompanying illustration. 
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2. What material symbol is often used to indicate all metals and 
explosives? 

3. What kind of section is shown as a drawing within a drawing? 

4. The line running from a note to the indicated position is called 
what? 
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CHAPTER 4 



DIMENSIONS 

DEGREE OF ACCURACY 

If you fail to follow the dimensions on a blueprint, 
you may make a part that will not give the service for 
which it is designed, and it may break down, endangering" 
the lives of men and defeating the mission they were sent 
to accomplish. An error of 5/1000 inch can be as destruc- 
tive as one quarter inch. In fact, a small error may be 
even more dangerous because it is not so easily detected. 
The part may pass inspection — it may even perform sat- 
isfactorily for a while. But when it breaks down, it may 
start a destructive chain reaction, damaging other equip- 
ment and perhaps even injuring personnel. 

982848°— 61 4 
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Absolute accuracy is impossible. Even the 6-inch rule 
with which you measure is not absolutely accurate. Tem- 
perature alone can cause variations in it : cold may cause 
it to be slightly shorter than 6 inches, and heat may make 
it slightly longer than 6 inches. 

Because engineers realize that absolute accuracy is 
humanly impossible, they figure how much variation is 
permissible. This leeway is stated on the drawing as ± a 
certain amount, as ±1/8, ±1/64, or ±0.005. 

LIMITS AND TOLERANCE 

The dimension on a blueprint represents the perfect 
size and is known as the basic dimensions. In figure 4-1 
it is 3.0 inches. The limit of error allowed is one-eighth 
inch. The minimum length is 2% inches, and the maxi- 
mum length is SVs inches. 



I 



3.0 BASIC DM {EXACT) 
3% (PLUSUMIT) - 



THE DIMENSION 
SHOWN ON PRINT 



Figure 4-1. — Basle dimension, limits, and tolerances. 



Don't expect to have that much leeway oh most work. 
Woodworking usually requires a limit of ±% 2 inch, sheet 
metal work ±% 4 inch, and machine parts ±0.005 inch or 
less. Many fine mechanisms have limits of error of ± 
0.0001 inch. You can trust your eyes to measure one sixty- 
fourth of an inch with a rule, but for closer work use a 
micrometer or special gage. 
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The difference between the allowable minimum and 
maximum dimensions (short limit and long limit) is 
known as the tolerance. In figure 4-1 it is one-quarter 
inch. Here is another example to show you how the sys- 
tem works: 

Basic dimension 2V2 



These limits, stated in either common fractions or deci- 
mal fractions, are found in the title block or legend. 
Angle limits are stated in terms of degrees, as ±V2°- 

When you're working with limits, try to hit the basic 
dimension, right on the nose. That will help you to stay 
inside the allowable limits. 



A shaft so large that it must be driven into a bearing 
won't rotate in that bearing. Some clearance for turning 
and lubrication is necessary between two moving parts. 

A tight fit, known as a driving fit or heavy force fit, 
is used to make a permanent assembly. This requires the 
shaft to have a greater diameter than the hole. 

The fits of shafts and holes have been standardized 
into eight classes, numbered from 1 to 8. 

Class 1 allows plenty of clearance and is used for 
fast-moving machine parts of large size. 

Class 2 is a slightly closer fit and is used for engines, 
dynamos, and machine tool parts. 

Class 3 is a snug fit with a very small clearance and 
is used for extremely accurate, slow-moving parts. 

Class 4 has no clearance and is the nearest thing to a 
perfect fit. 

Classes 5 to 8 allow for the shaft to be increasingly 
larger than the hole and are used where the shaft does not 
rotate in the hole. 

Remember that allowance is the difference in size of 



Limits 



Long limit 
Short limit 
Tolerance . 



....233/ 64 

.. -.231/64 

%4 or % 2 



ALLOWANCE 
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mating 1 parts, and that it is necessary for their proper 
operation. Keep in mind that the larger the class number, 
the tighter the fit. 

The allowance for a running fit is known as clearance 
and is said to be POSITIVE, because the hole diameter is 
greater than the shaft diameter. For FORCE FITS, classes 
5, 6, 7, and 8, this allowance is negative, and the differ- 
ence allowed is known as interference. The minimum 
allowable interference is specified by the dimensions 
given on the blueprint. 

BASIC HOLE ALLOWANCE SYSTEM 

The basic HOLE SYSTEM is a standard method of deter- 
mining the size of a hole into which a shaft is to be fitted. 

The hole can be larger than the basic dimension, but 
it cannot be smaller. The hole limits are plus only. This 
is known as a plus tolerance. 

The shaft has a MINUS TOLERANCE only. It can be 
smaller than the basic dimension. 

Figure 4-2 is a part of a blueprint, showing a shaft 
and a hole. Can you read it? 

The minimum or basic diameter of the hole is 2.500 
inches. For a class 1 fit, the allowance is positive, and 
for a hole this size it is 0.005 inch. This means that the 
shaft cannot be larger than 2.495 inches or the hole 
smaller than 2.500 inches. There must be at least 0.005 
inch clearance. 

The limits for a hole this size are given as ±0.003. 
The hole can be as large as 2.503 inches, but no larger. 
The shaft can be as small as 2.492 inches, but no smaller. 
The total allowable variation in this particular case is 
0.011 inch. The fit must have a clearance of from 0.005 
to 0.011 inch. 

DIMENSIONS AT WORK 

How do you use limits, tolerances, and allowance? 
There are two ways : for size and for location. 

When you work a piece of steel to the proper shape, 
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Figure 4-2. — Bosie hole allowance system. 

you follow the size dimensions. They tell you the length, 
width, thickness, and depth. When you locate a hole or a 
slot, you're following LOCATION DIMENSIONS. 

There are many methods that draftsmen use to place 
dimensions on the drawing. The five examples shown in 
figure 4-3 cover most of the cases. 

CONTINUOUS DIMENSIONS 

For small parts that have few location dimensions, 
continuous, or accumulative, dimensions are useful. 

Look at a in figure 4-3. Suppose the limits are ±y 32 
inch, which means, of course, that there is a tolerance of 
one-sixteenth inch. If you cut the stock so that it is one 
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thirty-second inch under size, it will pass inspection. In 
laying out the holes, you may make a plus error of one 
thirty-second inch on each hole. You'll have a total error 
for all five holes of five thirty-seconds. You've joined each 
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Figure 4-3. — D I mentions at work. 
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dimension to the preceding one in a continuous line, with 
the result that all errors have accumulated. There is a 
possible error as great as three-sixteenths inch. 

BASE-LINE DIMENSIONS 

You can avoid accumulative errors by using BASE-LINE, 
or nonaccumulative, dimensions. This method is shown 
in b of figure 4-3. 

If you use the left end as reference edge, you won't be 
more than one-sixteenth inch out at most for that last 
inch, even if you make a + y 32 -mch error on each hole. 

In c is a simplified form of base-line dimensioning. You 
use the reference line exactly as described for o. The air- 
craft industry prefers this form because it takes less 
space on a blueprint 

FLOATING DIMENSION 

To avoid any error in the last dimension, you can Use 
a floating dimension, which will enable you to control the 
location of the error. 

In d of figure 4-3, the middle dimension has been omit- 
ted. The draftsman expects errors to fall within that 
space. Measuring the dimensions on either side of the 
space from left reference edge and a right reference line 
will put the errors just where you want them. 

CENTERLINE DIMENSION 

How are you going to get two parts to fit together 
exactly, hole for hole? Obviously the chief problem is to 
control the spacing of each set of holes and the distance 
between the sets. In figure 4-l3e you can see how the use 
of the centerline dimension will help you. 

There are three holes in the first set. Notice that the 
draftsman has given l 5 / 8 inch as the distance from the 
reference edge to the centerline of the middle hole. Locate 
that hole first. Then locate each hole on either side by 
measuring three-quarters inch from the centerline of the 
middle hole. That takes care of one set. 
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From the centerline of the middle hole in the first set, 
measure off 2% inches. That'-s where the first hole in the 
second set goes. Then, using the centerline of the hole 
you've just located, measure off one-half inch to the last 
hole. 

The same procedure is used on the other, or mating, 
part, and the holes then should come together. 

COST OP LIMITS 

The engineer or draftsman not only sets the accuracy 
necessary for the successful operation of the part, but he 
also keeps its cost in mind. Limits can cost a lot; hence, 
you should make a part exactly to its specifications, but 
no more. A small block made with the highest degree of 
machine workmanship possible (1/500000 inch) would 
cost about $35.00 on a production basis. That job requires 
a lot of skill and time. 

To make the same block with ±3/1000 inch — about 
the thickness of human hair — would cost about $1. Don't 
give less and don't give more than is called for. 

QUIZ 

1. a. Why is continuous dimensioning not suitable for parts hav- 

ing many location dimensions? 

b. How does base-line dimensioning avoid the disadvantage of 
continuous dimensioning? 

c. What is the advantage of measuring inward from the two 
ends so the one dimension is left "open"? 

d. In what type of dimensioning is this done? 

2. You are to use the basic hole system to make a hole 6.500 inches 
into which a shaft is to fit with minimum clearance of 0.0087 
inch. Tolerance is 0.0046 inch. 

a. What is the maximum diameter for each part? 

b. What is the maximum allowable clearance between the two 
parts? 

3. How many points should you measure from to secure an accu- 
rate layout? 
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CHAPTER 5 



TITLE BLOCKS, NUMBERS, AND 
BILLS OF MATERIAL 

THE TITLE BLOCK 

The headlines on the blueprint are in the title block or 
box, which is located in the lower right-hand corner of 
all drawings prepared according to the specifications of 
the United States Armed Forces. It may appear else- 
where on other blueprints, but the lower right-hand cor- 
ner is the usual place. 

The title block contains the drawing number. It also 
contains all the information required to identify the part 
or the assembly that the blueprint represents. In ap- 
proved military blueprints the title block will include the 
name and address of the government agency preparing 
the drawing, the title of the drawing, the scale, drafting 
record, authentication, and date. 

If a space has a diagonal or slant line drawn across it, 
disregard that space, because the diagonal line indicates 
that the information usually placed in that space is not 
required on your drawing. 
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Revision Block 

Each drawing shows a revision block located on the 
right-hand side of the print. Modern practice is to put 
this space for the recording of changes in the upper 
right-hand corner, but it may also be placed above the 
title if desired. All changes to the drawing are noted in 
this block and are dated and identified by a number or a 
letter. If, for some reason, a revision block is not used, a 
revised drawing may be shown by the addition of a letter 
to the original number ; for example, 103465-26-A. 

NUMBERS 

Drawing Number 

All drawings are identified by a drawing number, which 
appears in a number block in the lower right-hand corner 
of the title block. It may be shown in other places also ; 
for example, near the top border line, in the upper right- 
hand corner, or on the reverse side at both ends so that 
it will show when a drawing is rolled. Its purpose is to 
permit quick identification of a blueprint by number. If 
a blueprint has more than one sheet, and each sheet has 
the same number, this information is included in the 
number block indicating the sheet number and the num- 
ber of sheets in the series. 

Reference Numbers and Dash Numbers 

Reference numbers that appear in the title block refer 
you to the numbers of other blueprints. When more than 
one detail is shown on a drawing, dash numbers are fre- 
quently used. Suppose two parts were shown in one detail 
drawing. Both would have the same drawing number, 
plus an individual number, as 34105-1 and 34105-2. 

In addition to appearing in the title block, the dash 
numbers may appear on the face of the drawing near 
the parts they identify. Some commercial prints show the 
drawing and dash numbers and point with a leader to the 
part; others use a circle, three-eighths inch in diameter, 
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around the dash number, and carry a leader to the part. 

Dash numbers are also frequently used to identify 
right-hand and left-hand parts. 

Many aircraft parts on the left-hand side of an air- 
plane are exactly like the corresponding parts on the 
right-hand side — in reverse. The left-hand part is always 
shown in the drawing. The right-hand part is called for 
in the title block. 

Above the title block you'll see a notation such as 
"159674 LH shown; 159674-1 RH opposite." Both parts 
carry the same number. But the part called for is dis- 
tinguished by a dash number. LH means left hand, and 
RH means right hand. Some companies use odd numbers 
for left-hand parts and even numbers for right-hand 
parts. 

Zone Numbers 

Zone numbers on blueprints are similar to the numbers 
and letters printed on the borders of a map to help you 
locate a particular point. To find a point, you mentally 
draw horizontal and vertical lines from these letters and 
numerals, and the point where these lines intersect is the 
area sought. 

You'll use practically the same system to help you lo- 
cate parts, sections, and views on large blueprints (usu- 
ally assembly drawings). Parts numbered in the title 
block can be located on the drawing by looking up the 
numbers in squares along the lower border. Zone numbers 
read from right to left. 

Station Numbers 

On large assemblies — airplanes, for example — a num- 
bering system is used to help locate stations on the as- 
sembly, such as fuselage frames. When you see "Fuselage 
Frames — Sta. 187," you know that the frame is 187 inches 
aft the nose. The measurement is usually taken from the 
nose or zero station of the airplane, but sometimes it is 
taken from the firewall. 
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The same station system is used for wing and stabilizer 
frames. The measurement is taken from the centerline, or 
zero station, of the airplane. Station numbers for a typi- 
cal aircraft are shown in figure 5-1. 

SCALE 

The scale of the drawing is indicated m one space of 
the title block. It indicates the size of the drawing as 
compared with the actual size of the part. The scale is 
usually stated as 1" = 2", 1" = 12" etc. It may be indi- 
cated as full size, one-half size, one-fourth size, etc. 

If the draftsman uses a scale of 1" = 2", the object 
is shown half as large as its actual size. For a scale of 
3" = 1" the object or part is drawn three times its actual 
size. 

Very small parts are enlarged, and large objects are 
reduced in size, to show the views clearly. The scale is 
selected to fit the object being drawn and the space 
available on the sheet. 

Remember: Never measure a drawing. Use the di- 
mensions. 

Graphical scales are often placed on maps and draw- 
ings. These scales indicate the number of feet or miles 
represented by an inch. Oftentimes a fraction is used, as 
1/500, meaning that one unit on the map is equal to 500 
like units on the ground. A large-scale map has a scale 
of 1 in. = 10 ft. ; a map with a scale of 1 in. = 1,000 ft., 
or 1/5000, is termed a SMALL-SCALE map. 

An architect's scale is divided into fractional parts of 
an inch, as eighths, sixteenths, thirty-seconds, etc. 

An engineer's scale is used for drawing plans and maps. 
The scale is usually of triangular cross-section and thus 
provides six different scales on one rule. Some engineers' 
scales are flat, with both edges beveled, and provide four 
scales. Surveyors' plans are plotted to a scale of feet to 
inches. The engineer's scale is divided into parts to an 
inch, as, for example, 10 parts to an inch. If the scale is 
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1 in. = 20 ft., the scale in which the inch is divided into 
20 parts is used. 

MATERIAL SPECIFICATIONS 

Always use the material specified. Never make a sub- 
stitution unless you have the proper authorization. The 
material indicated was selected by an engineer because 
it met the requirements of the job. It's the best material 
for that particular job. Only an engineer or a man having 
the authority of an engineer for a particular piece of 
work can authorize substitutions of material when the 
kind specified is not available. 

Later in this chapter we will say something about the 
list or bill of materials which further specifies what 
materials to use. 

HEAT TREATMENT 

Practically all metals require some form of heat treat- 
ment in a manufacturing process. The title block on a 
blueprint, drawing, or specification lists the type of heat 
treatment required. Frequently it is necessary to remove 
the temper from a piece of metal, in order that it may be 
machined to specifications, after which it must be rehar- 
dened. Reference should be made to the heat treatment 
specifications in the title block, to determine the type re- 
quired and the point during processing at which heat 
treatment is to occur. 

FINISH MARKS 

Finish marks are used to indicate surfaces that must 
be finished by machining. Finishes are applied to prevent 
wear, rust, corrosion, and to provide fits with closely 
mated parts. In manufacturing, during the finishing proc- 
ess, the required limits and tolerances must be observed. 
Machined finishes should not be confused with finishes 
of paint, enamel, grease, chromium plating, and similar 
coatings. 

On drawings not prepared according to current govern- 
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mental specifications, the draftsman may indicate the 
edges to be finished by placing a small letter / on the line 
representing the finished edge, or he may use the capital 
letter V. When so used, either one is called the finish 
mark. 




Figure 5-2. — Methods of placing the surface roughnest symbol, 
indicating finish of certain surfaces. 



Drawings prepared according to government specifica- 
tions require the use of a surface roughness symbol, as 
shown in figure 5-2. The number inside the surface 
roughness symbol is the surface roughness number. 
Waviness and lay numbers may also be used. Full require- 
ments for the use of these symbols may be found in Mili- 
tary Standard Surfuce Roughness, Waviness, and Lay 
(MIL^STD-10, 2 August 1949). 

BILL OF MATERIAL 

A special box on the drawing may contain a list of the 
pieces of stock necessary to make a part or an assembly 
of several parts. It's called a bill of material and tells the 
kind of stock, the size, and the specifications. 

The bill of material for an assembly drawing often has 
a list of standard parts. Many commonly used items, such 
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as machine bolts, screws, turnbuckles, rivets, pipe fittings, 
and valves, have been standardized by the Army, Navy, 
and Air Force. Each item has a number with AN in front 
of it. A wing nut, for example, has an Army-Navy speci- 
fication of AN 350 ; a flathead sheet-metal screw is listed 
as AN 531. 

USAGE BLOCK 

A usage block may be used to identify by their drawing 
numbers the larger units of which the detail part or sub- 
assembly shown on the drawing forms a component. This 
block is usually near the title block, or it may form a part 
of the list of material block. Figure 5-4 shows this block 
in two parts. The solid lines form the basic block and 
the dash lines indicate quantity columns which may be 
added when required. 
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Figure 5-4. — Usage block. 

QUIZ 

1. Why is a number stamped, cast, or stenciled on each part 
of a machine or engine? 

2. a. What would these symbols in a blueprint's title block tell 

you? 

Ring— Fuselage— Sta. 209 %. 
b. Explain how zone numbers could help you if you were trying 
to find a view of this fuselage ring on a large assembly 
blueprint. 

3. Where on the blueprint can you always find over-all dimensions 
of the part you are to make? 

4. How and where is a change from original design usually desig- 
nated on blueprints? 
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CHAPTER 6 



LAYOUT TOOLS 

LAYOUT WORK 

Laying out is the method of placing lines on the stock 
to correspond to the lines and dimensions of the blue- 
print. These layouts are full size and must be measured 
and marked accurately on the stock. Limits and allow- 
ances must be observed. 

The layout includes object outlines and centerlines. 
Hidden lines are omitted. Dimensions and notes are not 
written on the layout. 

To locate, measure, and mark the layout accurately, 
you need to know two things. The first is how to follow 
a good layout procedure, step by step; the second is 
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how to use the best precision layout tools and keep them 
in excellent condition at all times. 

Follow the blueprint, learn the procedure, use your 
layout tools properly, and you'll have no trouble with 
layout work. In this chapter you learn about the tools ; 
procedure is discussed in a later chapter. 

PENCILS 

Use a pencil for layouts on wood and on some sheet 
metals, such as aluminum and tin plate. For woodwork 
you may use a carpenter's flat lead pencil. If one isn't 
available, you can sharpen a common lead pencil to a 
chisel point, as shown in figure 6-1. The chisel point will 
stay sharp longer than the round point and won't break 
so easily. 




b c 

Figure 6-1.— The correct way to sharpen pencils. 

You can use a round-pointed pencil if it has a sharp 
point that makes a fine, clean-cut mark. The layout lines 
must be accurate. 

SCRIBER 

A well-sharpened scriber is used to make clean, narrow, 
accurate layout lines on metal. The scriber mark is easy 
to see and does not rub off or smear. 

The plain machinist's scribe, is a slender piece of tool 
steel, tapered to a sharp point Ul each end. One end may 
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be bent at a right angle for marking lines in tight places. 
It's a good shop tool, but don't carry it around in your 
pocket — it's too dangerous. 

If you work away from the shop, carry a pocket 
scriber like the one shown in figure 6-2a. The marking 
point of the pocket scriber is removable. You can release 
the point and place it inside the handle. All scribers have 
a non-skid grip so that they won't slip when you're 
marking the layout lines. The pocket scriber has a 
knurled handle. 




Figure 6-2. — Using the pocket scriber. 



Before you use a scriber, check the point. Be sure it's 
round and sharp. To keep the point in good condition, 
touch it up on an oilstone. Keep revolving it in your 
hand as you sharpen it. This action will keep the point 
round. 

Here are a few pointers on using the scriber. First of 
all, hold it firmly, just as you hold a pencil. In figure 6-2a 
the scriber is shown at an angle with the stock. Hold it 
in that position when marking along a straightedge. 
Notice at 6 that the scriber is tilted away from the edge, 
so that the point will mark right along the lower edge. 
Apply even pressure or you'll get a broken, jumpy line. 

Make a firm, strong line the first time. Don't retrace 
— you may slip off the track and get a blurred line or a 
double line. 
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No matter how careful you are, you'll be a few 
thousandths off with your scribed lines. But if you 
follow the rules, you can stay well within the prescribed 
limits of accuracy. 

MACHINIST'S STEEL RULE 

The stock you mark with scriber or pencil is measured 
with a rule. The most accurate type is the machinist's 
steel rule. It's a precision instrument that is made of 
flat spring: steel and graduated in inches and parts of 
inches. The best ones are graduated in eighths and 
sixteenths on one surface and thirty-seconds and sixty- 
fourths on the opposite face. Standard lengths are 6 
inches and 12 inches, but you may find longer rules in 
your shop. 




Figure 6-3. — Using the machinist's steel rule. 

The graduation marks are about 0.005 inch wide. The 
perfect measurements are to the centers of those marks. 
You can't make accurate measurements if the rule is 
scratched and dented or if its marks are worn away. 
When you aren't using it, keep a thin film of oil over it, 
and stow it in a leather case. Don't just toss it in the 
toolbox with other tools. 

There are some tricks of the trade that help you to 
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secure accurate measurements for your layout. Notice 
that the graduation marks touch the surface of the stock. 
By holding" the rule on edge, you can pick the marks right 
off the rule onto the stock with your sharp scriber. 

Notice that the measurement is not made from the 
end of the rule. The ends may wear off. so always 
measure from the one-inch mark. 

Be sure you can see the marks on the rule and the 
layout. Try to work where you will have the best 
available light. 

Clamp the stock in the vise or lay it on the bencn. 
Hold the rule in one hand and the scriber in the other. 

When you mark off a dimension or scribe a line, check 
it with your rule — immediately. Be sure that the mark 
is right on the dot before you make another measure- 
ment. 

You will also use the rule to check the part as you 
make it. When the part is completed, it will be checked 
in all possible ways with a rule. This check is to make 
sure that the part is within the limits specified on the 
blueprints. 

STRAIGHTEDGE 

You may use your rule as a guide for scribing straight 
layout lines. You can also use a straightedge, which is 
like a rule except that it's longer and has no graduation 
marks. You can't measure with a straightedge. 

If you keep your straightedges in good condition, you'll 
always have a reliable guide for scribing long, straight 
lines and for checking flat surfaces. Oil it and put it 
away carefully when it's not in use. Keep it straight. 

DIVIDERS 

When you were in school, you used a pencil compass 
to draw circles on pappr. You may remember that the 
compass often slipped, so that the line didn't come back 
to the starting point. This won't happen if you use 
dividers (figure 6-4). Thev're precision tools for laying 
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Figure 6-4. — Setting dividers; swinging on arc. 

out arcs and circles and for checking and marking 
distances. 

The toolmakers' dividers have a screw adjustment 
(shown in the illustration) and can be set accurately. 
Notice the setting method in a. The layout man is setting 
them from the one-inch line so that the setting will be 
accurate. 

Before the layout man scribes the circle, as in b, he will 
check the setting by marking a circle on a piece of scrap 
stock and checking the diameter with his rule. 

Be sure the points of your dividers are sharp, and 
when you set them, hold the legs together with one hand 
while you make the adjustment with the other hand. This 
allows the nut to turn easily and prevents unnecessary 
wear on the screw thread. This method provides an 
approximate setting, and the final setting is made as 
shown in figure 6-4a. 

When the layout man scribes an arc on metal, he calls 
it swinging AN ARC. Notice how you hold the dividers 
for swinging the arc — by the handle instead of the legs. 
If you use a smooth, steady swing and lean the marking 
point in the direction you're swinging, you'll get a well- 
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defined mark the first time around, and you won't have 
to retrace it. Traceovers usually result in a loss of 
accuracy and should be avoided. 

The size of a pair of dividers is the length of one leg. 
You may have some as small as 3 inches or as large as 
12 inches. 

TRAMMEL POINTS 

For jobs requiring large arcs and circles you'll use 
trammel points. Figure 6-5 shows how they're used. The 




Figure 6-5.— Trammel points. 



points, or legs, are attached to a bar by means of lock 
screws. When you use the trammel, make sure there's no 
sag in the bar, and keep the screws tight, so that your 
radius won't walk away from its intended path. Incline 
the trammel in the direction of the arc and keep that 
angle constant while swinging the entire arc or circle. 

If you need a trammel and none is available, you can 
devise a good substitute with a thin wood slat and a 
couple of sharp nails. 
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SQUARES 

Squares are used to draw angles. Most of the time 
you'll use squares to make layout lines at right angles 
(90°) to squared edges; but occasionally the lines will 
be at angles other than 90°. 

For large parts, especially those made of sheet metal 
and wood, you'll use the steel square (A in fig. 6-6). 
The common TRY-SQUARE (B, fig. 6-6) is used where long 
lines are not required. 

h 24 » I 




Figure 6-6. — Steel square, try-square, and combination set. 

When you need to make extremely accurate layouts 
you'll use your combination square set (C, fig. 6-6). 
This is an extremely practical tool for layout work and 
for checking angles and surfaces. 

The combination set has one 10-inch or 12-inch blade, 
to which three types of head may be fitted. 

Head a (fig. 6-6), known as the stock, gives you a 
perfect 90° try-square or a tool for laying out and mark- 
ing 45° angles. This head contains a spirit level. It's 
handy for leveling up your work, but don't try to use it 
on a pitching and rolling ship. Figure 6-7 shows how 
the square stock and blade may be used. 

The center illustration in figure 6-7 shows the use of 
the center head. You'll use the center head to locate the 
center of a round bar or shaft. 
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Figure 6-7. — Some uses of the combination square set. 

For laying out any angle, other than 90° or 45°, the 
protractor is used. Set it to the desired angle on the 
semicircular scale that's graduated in degrees. Two 
locking screws prevent the protractor from slipping out 
of adjustment. A simplified type of protractor is shown 
in figure 6-8. 

When, in using any square, you hold the stock or head 




Figure 6-8. — The protractor at work. 
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against a squared edge or surface, b© sure to hold it 
tightly against that surface. Keep the blade of the 
square in contact with the surface you're marking, to 
prevent the scriber from slipping under the edge. 

Handle all squares with care. If they are dented, 
cracked, or sprung, they are worse than useless. Don't 
drop them on the deck or throw them in the tool box 
with other tools. Handle your squares as carefully as 
you handle your wristwatch. 

PUNCHES 

When you swing an arc with the dividers, you swing 
it from a point located at the intersection of two lines. 




PPiCK PUNCH 




C£NT£P PMCH 

Figure 6-9. — Prick punch and center punch. 



If you placed one point of the dividers on the inter- 
section, it would slide away unless you had prick punched 
the intersection, The small indentation made by the prick 
punch provides a seat in which to pivot the divider point. 

The prick punch, figure 6-9, is 4 or 5 inches long, and 
has a knurled grip and a round, sharp point. To make 
the mark, tap the prick punch lightly with a light (4-oz.) 
ball peen hammer. 

To get the mark exactly in the center of the inter- 
section, move the point of the prick punch along one of 
the scribed lines until you feel it hit the other line. Then 
straighten the punch and tap it with the hammer. 

Now check the location with your eye and with the rule. 
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Figure 4-10.— Using the prick punch. 

Hold the rule on edge and measure from the 1-inch mark. 
Is the punch mark where it belongs? If it's off-center, 
try to drift it over, as shown in figure 6-106. Place the 
point in the mark and tap the punch in the desired 
direction. Tap gently, to make a small hole. 

Center Punch 

The prick punch marks that locate the centers of holes 
may be enlarged with a center punch just before the 
hole is drilled. It has a wide angle (about 90°) and is 
used to guide the drill when the hole is made. Use an 




DUCK WEIGHTS «£ SPUNC FRENCH CURVE 




SHtP CURVES 

Figure 4-11. — Duck weights and spline; ship curves and trench curve. 
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8- or 10-ounce hammer, and hit the center punch one 
solid blow. Be sure to hold the punch exactly perpen- 
dicular to the surface. 

When you grind either type of punch, rotate the point, 
to keep it round. Be sure to maintain the proper angle 
for the punch you're grinding. Don't let it get hot enough 
to turn blue or black because that much heat will soften 
the point. To prevent overheating, dip the point in water 
at frequent intervals. 

SPECIAL LAYOUT TOOLS 

Some tools used as guides for marking curved line 
layouts are shown in figure 6-11. 

Small irregular curves are easily handled with a 
French curve. They are obtainable in several shapes 
and styles. 

"^or larger and longer curves, use the ship curve or 
the SPLINE and DUCK WEIGHTS. In the lofting room, the 
spline and duck weight system is necessary to lay out 
ship and boat curves full size. 

Irregular curves are drawn through fixed points on 
the layout. Try to fit the outline of the tool to at least 
three points at one time. Be sure the curve is smooth 
and unbroken. 

Ship curves and french curves ordinarily are made of 
transparent plastic. Without proper care and stowage, 
nicks and scratches will develop rapidly. 

CHECK THE LAYOUT 

Do your best to get an accurate layout the first time. 
You won't have much layout trouble if you work care- 
fully and check everything as you go along. Speed will 
develop with practice and experience. 

After you have finished a layout, don't start to work 
right away. Stop a minute and take a breath. Then check 
the layout as though you are seeing it for the first time. 
It is better to catch an error on the layout than on the 
part after you have started to work. 



66 



QUIZ 

a. What are the primary layout tools used for the following 
purposes? 

1. Drawing narrow lines on metal. 

2. Laying out long straight lines. 
S. Precision scale measurement. 

4. Transferring distances; comparing dimensions; scribing 
arcs. 

5. Establishing points for placing divider legs. 

6. Establishing right angles and parallel lines from refer- 
ence edge; serving as guide or reference edge for other 
instruments. 

7. Constructing angles irom reference edge. 

8. Scribing small irregular curves. 

b. Mention at least one rule for the care of each tool used in 
2 to 5 above. 

Why are giant trammel points rather than regular trammel 
points used in the lofting room? 
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CHAPTER 7 



LAYOUT GEOMETRY 
NEED FOR GEOMETRY 

Why are some of the methods of geometric construc- 
tion required in layout work? Because it often happens 
that lines must be drawn or constructed where your tools 
won't reach. Your squares and protractors need refer- 
ence edges to start from or to lean against. Furthermore, 
you can draw a line only as long as the length of their 
blades. What are you going to do if your straightedge is 
off a little, or if a large rectangle is to be constructed, 
requiring lines several feet long? 

By using dividers, a straightedge, and geometric con- 
struction, you can work on any part of a sheet of any 
size. And, because all of the angle and shape construction 
is done on the sheet, ydu can achieve a high degree of 
accuracy. 
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Before you can assemble lines so that they will form 
a shape, you must determine the angle of intersection of 
the lines. For example, to lay out a rectangle you need 
to know how to make the lines intersect at a right angle. 
Geometric construction enables you to construct any 
angle so that you can attack all layout problems with 
confidence. 



AB is the given line. Take A and B as centers, and 
with a radius greater than one-half of AB, draw arcs 
intersecting at C and D. Then draw CD. E is the center 
of line AB, and CD is perpendicular to AB. 



TO BISECT A LINE 




A 



£ 



a 



Figur* 7-1. 



TO BISECT AN ARC 






Figure 7-2. 
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AB is the given arc. Take A and B as centers, and 
with a radius greater than one-half of AB, draw arcs 
intersecting at C and D. Then draw CD. E is the center 
point of arc AB. 

TO BISECT ANY ANGLE 




a 

Figure 7-3. 

ABC is the given angle. Take B as a center, and with 
any radius, draw an arc cutting the angle at E and D. 
Take E and D as centers, and with a radius greater than 
one-half of ED, draw arcs intersecting at F. Then draw 
line FB. Angle ABF is equal to angle FBC. 

TO ERECT A PERPENDICULAR FROM A GIVEN POINT 

ON A LINE 




Figure 7-4. 
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A is the given point on the line XY. From any point 
such as C, and with a radius of CA, draw the arc BAD. 
Through B and C, draw a line cutting the arc at D. Then 
draw DA, which will be perpendicular to XY. 

TO DRAW A LINE PERPENDICULAR TO A GIVEN LINE 
FROM A GIVEN POINT 



A is the given point; XY is the given line. Establish 
any two points on the line XY, such as C and B. (It does 
not matter whether B and C are on opposite sides of A, 
or are both on the same side of A.) With B as a center, 
and with a radius of BA, draw an arc. Then, with C as 
a center and a radius of CA, draw another arc. These 
arcs intersect at D. Draw DA. DA is perpendicular to 



TO DRAW AN ANGLE EQUAL TO ANOTHER ANGLE 





Figure 7-5. 



line XY. 




Figure 7-6. 
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ABC is the given angle. Draw the line DE. From points 
B and D, draw arcs AC and FE with the same radius. 
With E as a center, and with a radius equal to AC, draw 
an arc intersecting the arc FE. Then draw line FD. The 
angle FDE is equal to the angle ABC. 

TO DIVIDE A LINE INTO ANY NUMBER OF EQUAL PARTS 




Figure 7-7. 



AB is the given line. From A, draw line AC at any 
convenient angle and of a length readily divisible into 
equal parts — say five. From B, draw line BD so that 
angle ABD equals angle CAB. Point off on BD the same 
number of units as on AC. Connect the corresponding 
points on AC and BD. The connecting lines divide AB 
into five equal parts. 

TO DIVIDE THE CIRCUMFERENCE OF A CIRCLE INTO 
SIX APPROXIMATELY EQUAL PARTS 




Figure 7-8. 
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Using the radius of the circle, begin at any point on 
the circumference, such as A, and draw an arc cutting 
the circle at B. Then use B as a center to draw an arc 
cutting the circle at C, and so on around, dividing the 
circumference into six nearly equal parts. If the points 
are connected as shown, the lines will form angles of 
approximately 60° at the center. 

TO FIND THE CENTER OF A GIVEN CIRCLE 




Figure 7-9. 



Locate any three points, as A, B, and C, on the circum- 
ference oi the circle. Bisect the arcs AB and BC. The 
point D, where the bisecting lines intersect, is the center 
of the circle. 

TO DRAW A SPIRAL 

There are two simple methods of constructing a spiral : 
the point method and the involute method. 

The point METHOD depends upon swinging gradually 
increasing arcs from two or more points — the more 
points, the smoother the curve. 

To draw a spiral with a V^j-hich space between each 
turn by the two-point method, first establish points € 
and D y% inch apart. With a radius of DC, with D as a 
center, draw a half circle starting at C and ending at E. 
Then, using C as a center, and a radius equal to CE, draw 
another half circle EF, to the left. With D as a center, 
and a radius DF, swing another half circle, FB. Continue 
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FJgur* 7-10.— Hew t© drew a fplral. 



this procedure until you have the required number of 
turns. 

To draw a spiral with a ^-inch space between each 
turn by the four-point method, first draw a 14-inch 
square with the sides extended as shown in figure 7-10 
(upper right). With the upper right-hand corner of the 
square as a center, and with a radius of one-quarter 
inch, draw a quarter circle to the right. Then, using the 
.lower right-hand corner of the square as a center, swing 
an arc with a radius that will make the curve continuous. 
Use consecutive corners of the square as centers, until 
you've made the required number of turns. 

The involute method in theory will permit a perfect 
spiral. In practice it will permit accurate results if the 
construction work is carefully done. 

To draw a spiral that starts off with any given space 
oetween the turns, first select a rod that has a diameter 
equal to twice the length of the desired turns divided by 
ir. Thus, if there is to be a l/^-inch space between turns, 
the rod should have a diameter of 2 X i/ 2 -5- 3.1416 = 0.318, 
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or about five-sixteenths inch. Wrap several turns of 
string around the rod. Tie the other end of the string to 
a pencil, hold the rod firmly against the material, and 
start swinging, as shown in figure 7-10 (bottom). Make 
sure that the rod and pencil are held perpendicular to 
the material. Don't let the string wind around the pencil, 
and don't stretch the string. 

For a 2-inch space, you'd use a rod that had a 
diameter equal to 2 X 2 4- 3.1416; for a 3-inch space, 
2X34- 3.1416. 



It is easy to construct a right angle or an angle of 45°. 
But how do you construct an angle of 5^°? 

First you need to know the radius of the circle, so that 
you can figure out the circumference. Then, by dividing 
360° by the circumference of the circle, you can find the 
length of the arc for each degree. You can then strike off 
the required number of degrees for the angle. 

Now try this procedure. Suppose the radius of the 
circle is 7% 2 inches. The circumference would be 2ttR, or 
2 X 3.14 X 7% 2 > which gives you 44.94 inches as an 
answer. Unless you're working to extremely close toler- 
ances, you can figure the circumference as 45 inches. 
Then 4 % 60 equals Vg, which is the length of the arc for 
each degree. 



In a of figure 7-11 you can see how to construct the 
angle. After drawing an arc with a radius of 7% 2 inches, 
you can use your dividers to step off Vs inch for each 
degree, or 5% steps for 5Vk°. 



ODD ANGLES 




Figure 7-11.— Measuring odd angles. 
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This system works fine for stepping- off angles up to 
15°. But there's a tendency for errors to accumulate if 
the setting of your dividers is the least bit off. So con- 
struct as large an angle as you can by ordinary geometric 
construction ; then add or subtract the extra degrees. For 
example, if you have to construct an angle of 48°, first 
construct one of 45°, and then add 3° with your dividers. 

For practical working purposes you can determine a 
small angle by using two rulers and a straightedge, as 
shown in 6 of figure 7-11. You're using the same basic 
procedure that's illustrated in a, but you're saving your- 
self some work and some time. 

The method shown in a is more accurate than that 
shown in b. 



ADDED FACTS 

Here are some miscellaneous facts about angles. 

You can find the circumference of any circle by multi- 
plying the diameter CD), or twice the radius (2R), by it 
(3.1416). 

There are 360° in a circle. A straight line represents 
an angle of 180°, or one-half of a circle. 

A perpendicular erected on a line forms two 90° 
angles. Any bisected 90° angle forms two 45° angles. 

The radius of a circle will step off six chords on the 
circumference of a circle. If the ends of the chords are 
connected through the center of the /circle, they will form 
six 60° angles at the center. 

To obtain a 30° angle, bisect a 60° angle. To find a 15° 
angle, bisect a 30° angle. You can also find 15° by 
constructing a 45° angle over a 60° angle — the difference 
between the two angles will be 15°. For practice, take a 
ruler, compass, and pencil and work out a few angles for 
yourself. Try to construct one of 20°, one of 58°, one of 
110° and one of 165°. 
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QUIZ 

Make these constructions without using your square or pio- 
tractor: 

a. Divide a circle into six equal parts. 

b. Draw an angle equal to one of the six angles formed in a, 
above, without drawing another circle. 

C Bisect the angle drawn in b 9 above. 
cL Construct a square. 

e. Divide a vertical side of the square in d into as many equal 

parts as there are letters in your first name. 
If the radius of a circle is 10.75 inches: 

a. How many "steps" will you need in order to measure off 
on that circle an angle of 9° without using your protractor? 

b. How many inches will the total 9° arc measure? 
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CHAPTER 8 



LAYING OUT 

WORKING PLACE 

Whenever possible, work on a smooth, flat bench or 
table. In order to prevent small chips from cutting into 
the underside of the material, cover the surface with 
panel board, felt, or heavy paper. 

If you have to use a large sheet, ask someone to help 
you lay it down on the work surface. In handling a sheet, 
be careful not to bend it. If you have to use a small 
sheet, you'll get the best results if you lay it down on a 
metal-surfaced plate. 

Cut stock with care and avoid damage to the part you 
don't need. Leave it in good condition for the next man. 
If you protect your stock during the layout, you make 
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TH/CKNESS 



EDGE 




LENGTH 



Figure 8-1.— Layout terms for a piece of stock. 



things easier for yourself when you finish up the piece. 

The layout man calls the surfaces of the stock faces, 
edges, and ends. He also speaks of THICKNESS, WIDTH, 
and length. Dimensions are given in that order. Figure 
8-1 illustrates these terms. 



Much of your layout work will be done with the com- 
bination square. The square won't do an accurate job 
unless its stock (or head) is held against a straight and 
square surface. That's why you have to square up one 
edge and one end of your stock. 

Use a 10-inch smooth file to remove the burrs left on 
the stock when it was cut out. Be careful, because those 
rough edges can cause a badly cut finger. 

Now square one edge of the piece of stock. It must be 
straight and form a right angle with the layout surface 
or face. File it until it checks true with the square. 

Now square the left end. It must be straight, form a 
right angle with the layout surface, and be at a right 
angle with the squared edge. 

Don't be satisfied with a half-done job. Those surfaces 
must be squared. You're going to use them when you lay 
out all your horizontal and vertical lines. 



SQUARE IT UP 



Watch the corners. It's easy to round them off. Keep 
them square. 

LAYOUT FLUIDS 

Layout lines are hard to see on a steel surface unless 
you use a layout fluid to make them stand out. These 
fluids furnish a background that contrasts with the 
scriber lines. They also kill reflection and glare. 




Figure 8-2.— A good background for scribed lines. 



LAYOUT DYE 

Use layout dye if it's available. It's a purplish blue 
color, and a thin coat of it dries in 5 minutes. 

Layout dye will not work on an oily, dirty, or rusty 
surface. Clean the surface thoroughly with emery cloth. 
Apply the dye with a brush, as shown in figure 8-2. 
Brush it on quickly and don't go over it a second time to 
"touch it up." Keep it thin. 

You can eliminate the brush if you use a small wad 
of cloth. Dip it in the layout dye and quickly smear it 
on the surface. 

932348°— 51 7 

80 



ZINC CHROMATE 

If you don't have layout dye, use zinc chromate. This 
is a yellow liquid that dries quickly. Just clean the surface 
and brush on one thin coat. Let it dry and you have an 
excellent background for scribed lines. 

Zinc chromate prevents rust and corrosion. The Navy 
uses it extensively as an undercoat for paint and enamel 
on ships, boats, and planes. You should be able to secure 
it on any ship or station. 

COPPER SULPHATE 

You can use a copper sulphate solution on iron and 
steel. Apply it to the clean surface with a brush or a 
piece of cloth. A chemical reaction causes a coating- of 
copper to be deposited on the iron or steel. 

Don't try to use copper sulphate on aluminum or other 
non-ferrous metals. 

You don't need to use any layout fluid on galvanized 
iron. Scriber lines will show clearly on the zinc coating. 

SIZE UP YOUR JOB 

Look at figure 8-3. It's the blueprint of the part you're 
going to lay out. The part is a small anchor plate fitting 
used to hold down other parts. 

You can see that the holes in this anchor plate are 
important. Bolts, studs, and shafts will go through these 
holes into matching holes in other parts. The layout for 
the holes will have to be extremely accurate, so you'll 
need a layout procedure that provides the utmost accu- 
racy of hole location. 

For some jobs, especially those made of sheet metal or 
wood, you might use the reference edge method (fig. 
8-4). It utilizes the squared edges, but it's not the best 
method for accurate work. 

Another method is the reference line method, also 
shown in figure 8-4. It starts with an important edge 
line. 
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Figure 8-4. — Reference edge and reference line. 

You want to start with important centerlines, so you'll 
use a modification of the reference line method. It's called 
the basic centerline method and you'll use it to lay out 
the anchor plate shown in figure 8-3, because it's accu- 
rate. 

BASIC CENTERLINES 

Which centerline is the most important? Which one 
seems to be the foundation of the drawing, that is, the 
basis for the other lines? It's the horizontal centerline 
through the center of the part, the one that passes 
through the center of four holes. Call it your basic 
horizontal centerline. 

You'll use the other centerline that passes through 
the big hole for your basic vertical centerline. 

All measurements for locating holes will be made from 
these two lines and from their intersection — the point 
where they cross. 

Now to locate and scribe these two basic centerlines. 
Place them carefully to avoid running the layout off the 
surface of the stock. 

Look at the dimensions at the left of the top view in 
figure 8-3. The basic horizontal centerline divides the 
part into halves, so draw that line through the center 
of your layout surface. Locate it with your rule and 
guide the scriber with the square blade. Hold the square 
stock against the squared end. This line must be parallel 
to the squared edge. 

83 



Now for the basic vertical centerline. How far will 
you mark it from the left end of the stock? 

The distance from the basic vertical centerline to the 
center of the hole at the left end is 2% 2 inch. To this 
dimension add the radius of the arc at the left end, 
7 / 16 inch. The total distance from the left end to the basic 
vertical centerline is equal to 2% 2 " 4- % 6 " + %" or 
2*% 2 ". 

Hold your rule on edge along the basic horizontal cen- 
terline, with the 1-inch mark on the left edge of the 
stock. Now mark — lightly — at the 3 2 % 2 mcn mark with 
your sharply pointed scriber. Next, use your square and 
scriber to scribe the line through that mark. Hold the 
square stock hard against the squared edge. This basic 
vertical centerline must be perpendicular to the basic 
horizontal centerline. 

When you're sure both basic centerlines are accurately 
placed, prick punch their intersection. Your layout 
should be just like figure 8-54. This point of intersec- 
tion, labeled 0, is your base point for completing the 
layout. When it's possible to do so, measure from this 
point to locate other points. This base point is also the 
center of the large 1%-inch hole. 

LOCATE THE HOLE CENTERS 

How far from the base point are the two vertical cen- 
terlines that help locate the four small y 16 -inch holes? 
You'll measure this distance on the basic horizontal 
centerline on each side of the base point. Here is the 
procedure: 

Set your dividers at three-fourths inch by the rule. 
Check this setting carefully. Now use the base point O 
for your center, and swing short arcs across the basic 
horizontal centerline. These arcs locate points a and 6, 
figure 8-5F. 

Use the same method to locate the centers for the two 
%-inch holes and the one Vi-inch hole. In each case, 
swing the dividers from the basic point 0. Check your 
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BASIC CENTERLINES AND BASE POINT 
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LOCATING THE HOLE CENTERS 
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SCRIBING CIRCLES AND ARCS 

Figure 8-5.— Layout steps A. B, C. 
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measurements; then use your scriber and square to lay 
out vertical centerlines through the intersections. Now 
prick punch these intersections, a, b, c, d, and e. 

Next, get the two horizontal centerlines for the four 
% 6 -inch holes. The dimension shows these lines to be 
seven-eighths inch from the basic horizontal centerline. 
Set your dividers for seven-eighths inch and swing arcs 
from centers a and b, as shown in figure S-5B. 

Connect these arcs with tangents (straight lines) to 
form the two centerlines. Prick punch the hole centers. 
At this point your layout should look like figure 8-5Z?. 

Scribe in the holes and swing the two end arcs. Check 
each arc radius carefully. It's good layout practice to 
start with the smallest radius and end with the largest. 

Your layout should now correspond to figure 8-5C. 

FINISH THE OUTLINE 

You have part of the outline — the arcs at the ends of 
the anchor plate. How can you accurately lay out the 
remainder of the outline? 

First get the top and bottom outlines. Set the dividers 
for 1^4 inch and swing arcs /, g, h, and k from centers e 
and d, as in figure 8-6D. Then scribe the tangent lines 
through these. 

The next step is the slant lines of the left end. Each 
one is tangent to the left end arc and runs through the 
intersection of the horizontal outline and the vertical 
centerline through point a. Line up your rule so that the 
edge passes through that point and is tangent to the arc. 
Scribe the lines in, and your layout should be like 
figure 8-6D. 

The vertical lines forming the right end outline are 
located by setting the dividers at 1% 2 m ch and swinging 
the arc through point p. Scribe the line through this 
point of intersection. It is perpendicular to the basic 
horizontal centerline. The short, horizontal lines of the 
right end outline are scribed in tangent to the arc and 
parallel to the basic horizontal centerline. 
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OUTSIDE OUTLINES, LEFT END 




THE COMPLETED LAYOUT 

Figure 8-6. — Layout steps D and E. 



Now locate the centers for the two 14 -inch radii at s 
and t and swing these arcs to complete your layout. It 
should be just like the completed layout shown in 
figure 8-6E. 

It's time for a checkup. Check all dimensions for accu- 
racy. Check the radii of the arcs and circles. Check all 
right angles to make sure they're exactly 90°. 

Even if you're satisfied that it's right, you should get 
an experienced layout man to give it an additional check. 
If your lines are off more than a few thousandths, he 
can point out the errors. If the layout expert approves 
it, you're on your way as a layout man. If not, turn the 
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layout over and make a fresh start on the other surface. 
That old rule, Practice makes perfect, certainly applies 
to layout work. 

SAFETY RULES 

Under conditions of stress and prolonged vibration 
(present in all aircraft), a scratch will focus strains, 
causing the scratch to deepen until finally the metal 
snaps. A scratch will often break protective coatings and 
hasten corrosion. 

Unnecessary scribe lines are no better than any care- 
less, harmful scratch. Unless the scribe lines are to be 
cut or punched out, or are required for very close toler- 
ances, it is best to use a pencil for points and lines. 

Don't allow your layout tools to float around on the 
bench top with the files, hacksaws, drills, and hammers. 
Remember that your layout tools are precision tools and 
must be handled with extreme care. 

PRACTICE LAYOUT 

Try laying out the part shown in figure 8-7. Use the 
same system that you used for the anchor plate. 



QUIZ 

1. Accuracy of a layout is partly dependent on the correct use 
of the combination square. What condition of the stock must 
exist before the square can do an accurate job? 

2. What is the chief purpose in using layout fluid? 

3. How does a reference line differ from a reference edge? 

4. What is the correct procedure method for laying out the anchor 
plate, figure S-3? 

6. List two uses of prick punch marks. 

6. Why should pencil marks be used instead of scratches when 
the points or lines are not to be punched or cut? 
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CHAPTER 9 



CURVE OR BEND ALLOWANCE 
WHAT IS BEND ALLOWANCE? 

YouTl see curves practically every time you see a bend 
line on a blueprint. Bending is the forming operation 
most frequently used in aircraft construction. Unless 
you know how to master the curve in bent metals you 
will always have trouble in your layout work. 

First of all, you must realize that a curved corner 
takes less metal than a square corner. The problem is to 
figure out how to cut the stock the right length before 
you bend it. This is where you'll need to know the bend 
allowance (abbreviated B.A.), that is, how much metal 
to allow for each bend. 

Figure 9-1 illustrates what happens to metal when it's 
bent. In a you see a fairly thick sheet of metal with per- 
pendicular lines drawn across the edge. What happens 
to the metal when it's bent to a 90° angle? The answer 
to that question is shown in b. Notice that the lines 
drawn across the straight portions of the edge of the 
sheet have not changed. But the lines drawn across the 
bent edge of the sheet converge at a point inside the 
curve — at the radius point of the inside curve. 

The lines closer together indicate that the metal has 
been compressed along the inside curve. 
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figure 9-1.— Thl * Is what happens to metal whan It's bent. 



The lines farther apart indicate that the metal has 
been stretched along" the outside curve. 

If the material has been compressed along the inside 
curve and stretched along the outside curve, there must 
be points somewhere between where there is neither 
compression nor stretching. 

They occur where the width of the spaces along the 
curve equals the width of the spaces along the unbent 
portions. When all these points are joined, you'll see an 
inner curve, represented in 6 by a line called the 

NEUTRAL AXIS. 

Notice that the neutral axis is halfway between the 
inside and outside surfaces. 

The neutral axis has not changed in length. Therefore, 
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it represents the actual length of the material to be 
used. 

The curved portion of the neutral axis represents the 
length of material allowed for the bend, that is, bend 

ALLOWANCE. 

HOW IT WORKS 

Here's how to figure the B.A. for the problem shown 
in figure 9-2. 



RAMUS OF NEUTRAL AXiS({+&) 




NEUTRAL 
AX/S- 



Figure 9-2.— You'll have to figure B.A. for angles like this. 

You know that the true length of the bent stock can 
be found along the neutral axis. So your first job is to 
find the radius of the neutral axis. You can do this by 
adding the inside radius of the stock and one-half of 
the stock thickness, as — 

V% + Vie = %6 = RADIUS OP NEUTRAL AXIS 

What's an angle? Right angle, or 90°, or one-quarter 
of a circle (90/360). By finding the circumference of a 
circle with a % 6 -inch radius, then dividing by 4, you'll 
find the B.A. 

Before you can work this out, you'll have to find the 
decimal equivalent of the fraction Referring to 
Appendix IV, you find that it is 0.5625. 
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Now you can set up your equation : 



C 



27rR 

2 X 3.1416 X 0.5625 
3.5343 



C 
4 



= 0.88332 

4 



First of all, notice that the stock thickness and the 
radius are 1 given, as well as the leg and the flange. 



To determine the lengths of the unbent portions, sub- 
tract the stock thickness and the inside radius from the 
leg and the flange. 

3 — (Y 2 + Vs) — 2% = UNBENT PORTION OF LEG 

•2 — (V2 + Vz) — 1% = UNBENT PORTION OF FLANGE 

Now add to the sum of the unbent portions the B.A., 
as — 



That's the length you should measure off on the stock 
before cutting. 

After you've solved this problem, compare the sum of 
the leg and flange to the length you're going to cut. It's 
5 inches against 44% 4 inches. So you can see that a 
curved corner does require less metal. 



You've worked out the B.A. for a right angle (90°). 
Here is how you get the B.A. for a 36° angle: 

Assume that you have the same stock thickness, radius, 
leg, and flange as shown in figure 9-2. But instead of a 
90° angle you have a 36° angle. 

Using the method you've just learned, your first step 
is — 



B.A. = 0.88332, or 574 



2% + 1% + 57/ 64 = 4 41/ 64 



HERE'S A PROBLEM 



93 



C — 2ttR 

= 2 X 3.1416 X 0.5625 
= 3.5343 
36/360 = 1/10 

~ = = 0.35343 

B.A. = 0.35343, or 23/64 

Then, adding the B.A. to the unbent portions, you get — 

2% + 1% + 2 %4 = 4%4 

BEND ALLOWANCE TABLE 

The direct calculation method of finding the B.A., 
which you've just learned, is easy to remember, easy to 
figure, and accurate enough for most work. But you must 
realize that the B.A. you obtain by that method is only 
approximate, because the metal does not compress and 
stretch in equal amounts. 

For more accurate work you should use a B.A. table. 

A B.A. table has been computed from an empirical 
formula, that is, a formula that has been developed by 
trial-and-error experimentation and found to yield a 
dependable solution. A table of this kind takes into con- 
sideration the fact that metal does not stretch exactly 
as much as it is compressed. 

To use a B.A. table, first locate the thickness of the 
metal (T) in one column, and the radius (R) in the 
other column. The factor given is the B.A. for one degree. 
Then multiply that factor by the number of degrees in 
the bend. 

To find the B.A. for the problem shown in figure 9-2, 
turn to Appendix V, the B.A. table for aluminum alloys: 

The stock thickness of one-eighth inch (0.125") equals 
approximately the tabular value of 0.128 inch. Following 
down that column in the table to you find that the 
factor is 0.00971. 

To find the B.A. for 90°— 

90 X 0.00971 = 0.8739, or 5% 4 inch 
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(That's one sixty-fourth inch less than the answer you 
got by the direct calculation method.) 

Don't forget to add the B.A. to the sum of the unbent 
portions. 

Just as a check, see what you get for the B.A. of the 
36° angle. 

36 X 0.00971 = 0.34956, or 22/ 64 
(Again you have % 4 inch difference between the direct 

calculation method and the B.A. table.) 

There are B.A. tables for steel and other metals as 

well as for aluminum alloys. 

SET BACK DEVELOPMENT CHART 

A set back development chart is also based on an 
empirical formula. (See Appendix VI.) To use this 
chart, you'll have to be able to tell the difference between 
a closed angle and an open angle. (A 90° angle is neither 
closed nor open.) 




Figure 9-3.— Closed and open angles. 



Compare the two angles shown in figure 9-3. The 
dotted line represents a 90° angle. Notice that the closed 
angle leans toward the leg. The angle is 70° — or 20° 
closed (90° — 70° = 20°). The open angle leans away 
from the leg. The angle is 130° — or 40° open (130° — 90° 
= 40°). 

-In figure 9-4 you see an angle of 140° — or 50° open. 

The stock thickness of the bend is 0.064. And the 
radius is V6> or 0.125 inch. What length should the stock 
be cut? 
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Figure 9-4.— find tht set back for this angle. 



Look at the chart, appendix VI. Place your ruler or 
steel edge on the chart so that it lines up with the bend 
radius, 0.125 (top), and stock thickness, 0.064 (bottom). 
Notice that the heavy horizontal line represents 90°. 
You're looking for the amount of set back for an open 
angle, so look below the heavy line. Find 50° and follow 
the line from 50° horizontally across the chart until it 
intersects your ruler at a point along a curve. Then 
follow the curve. You should get 0.030 for your answer. 
This represents y 32 inch. 

The sum of the leg and flange of the bend is 6 + 4 = 10. 
Subtract: 10 — % 2 = 931 /32- Y °u should cut the stock to 
that length. 

You can use the set back development chart only for 
angles open up to 60 c , or closed to 60°. 



.064 
THICKNESS 



UP 90° £R' 



BL 



.064 
THICKNESS 

R 



Figure 9-5. — Angles In the flat, 

93234S°— 51 8 
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WHATS A MOLD LINE? 

In a of figure 9-5 you see a blueprint of a bend as it is 
laid out in the flat. For this type of drawing you are 
expected to use a B.A. table. 

For a drawing like 6, you'll use a set back development 
chart. 

The chief difference between these drawings is this: 
in a you can determine the measurements of the unbent 
portions, using the method shown earlier in this chapter ; 
in b your strategy depends upon knowing what a mold 
line is and where it is. 

A MOLD line is a theoretical edge that would be formed 
by extending the surfaces so that they intersect. You can 




Figure 9-4.— Meld line and tangent bend lines. 



understand the principle of the mold line by studying 
figure 9-6. 

From the visual explanation you can readily see that 
the leg plus the flange minus the set back will give you 
the correct length of the stock. 

SOLVING B.A. FOR MORE THAN ONE BEND 

How would you solve the B.A. for a part that had four 
bends? In figure 9-7 the problem is worked out for you. 
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Figure 9-7.— Compare the two methods. 



In one illustration the allowance table has been used ; in 
the other the set back development chart has been used. 
If you have difficulty trying to figure out just what some 
of the numbers are, don't forget that they may have come 
either from the table or from the chart 

BENDING MACHINES 

In working in the shop you'll discover that there are 
numerous ingenious machines that will solve your bend- 
ing problems automatically — such as radius bars, die 
brakes, corner brakes, flange machines, and box brakes. 
But there will be times when you'll have no machines, 
and then you'll be thankful that you know how to figure 
the B.A. 
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QUIZ 



1. There are two tabular means of computing: the amount of metal 
to be allowed for a curved corner. Which of these means has 
for its last step? 

a. Addition of tabular answer to the sum of the unbent por- 
tions of the metal? 

b. Subtraction of tabular answer from the sum of the leg and 



2. Are the following angles closed or open? How much? 



3. What surfaces would have to be extended to establish the 
theoretical edge called a mold line? 



flange? 



a, 10°. 

b. 179°. 



c. 125°. 

d. 90°. 
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CHAPTER 10 



TEMPLATES 

ACCURACY REQUIRED 

The measurements on templates must be accurate. 
The template is made first and is used in production work 
as a guide for making a number of duplicate parts. If it's 
wrong, all parts made from it are wrong. 

The procedure followed in making a template is essen- 
tially the same as that used in making a layout. Tem- 
plates are usually made of sheet steel, to withstand the 
wear and tear of shop use. But in spite of the sturdy 
metal, templates become damaged or inaccurate from 
use. Don't work with an inaccurate template. Get out the 
blueprint and make a new template. 

Since you are going to be working in meta 1 to limits 
of ±0.010 or =t0.003 inch, you'll have to have a magnify- 
ing glass. No guesswork is permitted when you make 
templates. 

You can't use a pencil or a pencil compass, because 
neither makes a sufficiently sharp outline. For all tem- 
plate work you'll use scribers and dividers, to make the 
sharpest outline possible. And for further accuracy you'll 
use your magnifying glass — to transfer dimensions from 
scales, to set dividers, and to check up on the accuracy 
of scribed lines. 
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MAKING A TEMPLATE 

In making a template you'll need to figure the B.A. if 
the part has a bend. The man who makes a part from 
your template wants to be sure you figured the B.A. 
before he starts cutting the metal. The geometric con- 
struction and B.A. are all a part of the usual layout job. 
But you'll vary the layout procedure slightly. 



SLT- 




/. TYPE OF TEMPLATE 

2. METHOD OF DEVELOPMENT 
(BEND ALLOWANCE) 

,3. THE DIRECTION AND NUMBER OF 
DEGREES THE FLANGE IS FORMED 

,4. THE RADIUS ON WHICH THE 
MATERIAL IS FORMED 

,5. THE PART NUMBER 

,6. AND THE CHANGE NUMBER, IF ANY 
CHANGES HAVE BEEN MADE ON PRINT 

7 HOLES SHOULD BE SHOWN. AND THE 
SIZE OF THE HOLE MARKED. ALL 
SIZES BUT NO. 40 ARE MARKED ON 
THE TEMPLATE. UNMARKED HOLES 
ARE CONSIDERED TO BE NO. 40 

THE MODEL NUMBER OF THE SHIP 
MUST ALSO BE SHOWN 



Figure 10-1. — Tern pi ate. 



In the first place, this is one time when you're expected 
to mark on the surface. 

Study figure 10-1. The information and instructions 
listed are all a part of a template. They're there so that 
anyone can make a part simply by reading the directions. 

"SLT" is an abbreviation for steel layout template. 

"BL" is an abbreviation for bend line. 

Notice that two notches have been cut into the tem- 
plate on the left-hand and right-hand edges. They're 
there to help you transfer the BL's to the work. The rest 
of the information is self-explanatory. 
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HOLES 



In order to achieve the highest degree of accuracy, the 
holes in template work are punched. They are never 
drilled. The purpose of the template holes is to specify 
location, not size. For this reason a punch of a specific 
diameter — either inch or % 2 inch, depending upon 
instructions — can be used for all the holes. 

When transferring hole locations from the template to 
the work, use a transfer punch. This punch will fit 
exactly in the punched hole on the template. When you 
strike it with a hammer, you'll make a center punch mark 
on the work underneath. 

Once you have a center punch mark, you are ready to 
start drilling. The diameter of the drill you should use 
is given on the face of the template. 

BEND RELIEF HOLES 

Wherever bends intersect, there's some strain on the 
metal. If some provision isn't made, the metal will even- 
tually tear or crack. 

This danger can be avoided by locating a relief hole 
at the intersection of bends. It is then possible to cut 
away the material at the intersection so that the flange 
and leg will be independent of each other. By doing this 
you can avoid strains on the metal where the bends meet. 

There are several types of relief holes (fig. 10-2). 
Blueprints will always specify which type you should 
make. 

In a the relief hole is located at the intersection of the 
inside bend lines. The diameter of the hole is usually, 
calculated as being four times greater than the thickness 
of the metal. This type of relief hole is particularly 
eflfective when rivets or bolts have to be put close to 
corners. 

In b the radius point is at the intersection of the cen- 
terlines of the two sets of bend lines. You'll probably use 
this type of relief hole more frequently than any other. 

In c the point for the radius is at the intersection of 
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Figure 10-2.—- Types of relief holes. 

the two outside bend lines. This type of relief hole can be 
used only on soft stock; it's especially good for water- 
tight construction that does not require welding. Such a 
corner may be used to make compartments watertight, 
by placing a compound-saturated cloth over the hole; or 
it may be used in a corner where stringers or stiffeners 
come through a bulkhead. 
In d three bends meet. 

In e. you see the same problem, but the hole has been 
modified. It's easier than the method shown in d. Simple 
fabrications also keep construction time down. 

TABS 

Occasionally you'll be able either to save time or pre- 
vent the loss of a template by putting tabs on the 
template. 

For instance, the template shown in figure 10-3 has 
two tabs. The large tab has a hole, drilled especially to 
take the pilot of a sheet metal punch. This punch has a 




Figure 1 0-3.— Template with two tabs. 
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curved edge which will cut out the radius in one 
operation. 

When you see the letter S in a line, you should cut 
along that line. The S stands for shear. 

The small tab is useful, too. You can use it to center 
a drill or punch for making the small radius. After the 
hole has been made in the sheet, you can make straight 
cuts, leaving the radius clear. 

Before you make a tab of this kind, check up on your 
equipment. You'll need special tools for the punching 
and drilling. 

The perspective drawing shows the part as it would be 
made. The tabs have been removed. 

The template shown in figure 10-4 is mostly tab. 

A small template is hard to work with and is easily 
mislaid. But a large tab lets you get a good hold on the 
template, so that you can keep it in position when scrib- 
ing around it. 




Figure 10-4. — Template with large tab. 



Because there's more room on the tab than on the 
template, the template information has been put on the 
tab. 

MORE THAN ONE 

In laying out a template that has more than one flange, 
first select a base — usually the largest section of the 
final part. The base shown in a of figure 10-5 is the 
section, A, to which the flanges are attached. Then add 
the B.A.'s as shown in b. Next add the two flanges. 
Notice that a small tab is indicated. That's to make sure 
that the relief hole is properly positioned. 
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Figure 1 0-5. — Template with more than one flange. 



When you transfer BL/s and centerlines to your work — 
in fact, any line that will not be removed by cutting — 
use a pencil. 



QUIZ 

1. What do relief holes relieve? 

2. a. Why are templates made to such close tolerances? 

b. Name three rules for template-making which are intended 
to insure accuracy. 

3. What should you do if you find a template has become inaccu- 
rate from use? 
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CHAPTER 11 

DEVELOPMENTS 
UNROLL IT 

In chapter 2 you were told that curved surfaces have 
to be laid out IN the flat before they can be rolled, bent, 
or otherwise formed into the desired shape. The process 
of laying out for sheet metal objects is generally referred 
to as sheet metal development. The layout develop- 
ment can be made directly on the sheet metal surface; 
or you can develop a paper pattern and transfer the 
development to the metal sheet. 

ANGULAR DEVELOPMENT 

The simplest form of angular development is illustrated 
in figure 11-1. It's a plain box with a rectangular bottom 
and straight sides. The principles involved are easy to 
understand — but what layout procedure will you use? 
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Figure 11-1. — Angular development of a box. 

One method is to square the sheet metal stock to the 
exact over-all dimensions and then lay out all other lines 
from those square edges and ends* 

An alternate method is based on the use of two 
perpendicular centerlines. All measurements are made 
from them. Follow the procedure that you used for the 
anchor plate layout. 

For most box layouts made on paper you need to de- 
velop only one-fourth of the pattern. This quarter-pattern 
is cut along the centerlines and transferred to the metal 
by lining up the centerlines of the pattern with center- 
lines on the metal But don't forget those laps or tabs, 
indicated by T in figure 11-1. They provide a means of 
fastening the box together. Be extremely careful when 
you cut out a developed pattern or you may snip off one 
of the tabs. 

It f s easy to make an angular development like that 
shown in figure 11-1; but laying out the development 
of the flared-end box shown in figure 11-2 isn't quite so 
simple. Try it for practice, using the following procedure : 

First, secure a piece of heavy paper about 2 feet square. 
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Then break out your layout tools and find a flat surface 
to work on. 

Start with the bottom. It's 6 inches by 9 inches. 
Measure and lay out carefully, making sure that the 
corners are right angles. Now locate and mark the outside 
lines marked d — they're 6 inches from the bottom lines, 
and they extend 1^2 inches past the bottom lines at 
each end. 

Lay out lines a and b for each corner. Extend line c 
and locate line e. Here's the "booby trap" of this layout. 
Line e is not 6 inches from the parallel bottom line — it's 
more than 6 inches. Look closely at the picture of the 
box and you'll see that line c is equal to the length of 
line a plus the length of line b. Check this part of the 
development carefully. 

When you have finished the main outline, lay out the 
tabs and mark the bend lines. Check all your measure- 
ments. Then cut out the pattern and form it up to test 
the accuracy of your development. 

If the ends and sides are flush along their edges, you 
have successfully completed a type of angular develop- 
ment that is often used. 




Figure 11-3.— Cylinder roll-out for parallel development. 
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PARALLEL DEVELOPMENT 



Making a development for a plain sheet metal cylinder 
is just unrolling a rug. And once you know the 
diameter, all you have to do is figure the circumference 
(n- D) and allow extra metal for the seams. Figure 11-3 
shows the principle of laying out a cylindrical object by 
a parallel development. It's very simple — but how about 
the cylinder that has been cut at an angle? 




Figure 11-4. — Parallel development of a cylinder. 
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Such a cylinder is shown in figure 11-4. It isn't a 
difficult layout job when you follow directions. Those 
numbers are put on the layout to help you make the 
layout. As you develop this layout, keep careful track of 
those numbers by marking them on your two ortho- 
graphic views and on your development. 

You need a piece of paper about 24 inches by 40 inches 
for this job. If paper that size is not available, try 
making everything one-half size. 

Start your layout by constructing orthographic front 
and top views. These views must be accurate, because the 
development is made from them. 

Make the left outline of the front view (line 7) 10 
inches long and the right outline (line 1) 4 inches long. 
The slant line connects the top ends of these two lines. 
Draw the 8-inch circle that forms the top view, and 
divide it into 12 equal parts. Number these from 1 to 12, 
as shown in figure 11-4. 

Drop vertical lines from these 12 points so that they 
intersect the slant line of the front view. Some of the 
lines coincide so you'll have only five new ones. Number 
them at the top of the front view. 

Start the development with the base line, which is 
equal to the circumference of the 8-inch circle. Erect 
vertical lines at each end and divide the intervening 
space into 12 equal spaces. Make these lines 10 inches 
long and label them at the top. 

Now construct horizontal lines through the intersec- 
tions of the front view and across the vertical lines of the 
development. All the points of the curve are now located. 
Use the points to sketch in the curved lines. You can 
"fair up the curve" with a french curve or ship curve. 

Check the finished development, cut it out, and form 
it into a cylinder. The curved edge should now fit against 
a flat surface. The picture at the top of figure 11-4 
shows how your developed pattern should look and work. 

If you lay out this type of job on metal be sure to add 
material for making the necessary seams. 
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THREE-PIECE ELBOW 

Not all parallel developments are as simple as the one 
shown in figure 11-4. You can expect more complicated 
shapes that will require more complicated developments. 

For a two-piece, 90° cylindrical elbow you would make 
each half by the method shown in figure 11-4, except 
that the slant line would have have to be exactly 45°. 

But what about a three-piece, 90° elbow, like that 
shown in figure 11-5? Notice that the three parts of this 
elbow are portions of cylinders. You'll use the same 
system of parallel development, but it requires some 
special preparation. 

To start this layout, draw the view shown at the right 
in figure 11-5. Erect a right angle from point A. Measure 
off the height of the elbow along AD. Measure off the 
diameter of the elbow from B to C. Swing the arc DE 
with any convenient radius, with A as the center. 

Now divide the angle EAD into four equal angles, with 
lines FA, HA, and GA. From points B and € draw hori- 
zontal lines to intersect radical line GA. Establish points 
K and J the same distance from A as are B and C. From 
K and J run vertical lines to intersect line HA at c and d. 
Connect points a and c and points b and d to complete 
the view of the elbow. 

Now make developments of each of the sections. Check 




Figure 11-5.— Development of a three-piece elbow. 
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carefully and cut out the three sections. Put them to- 
gether with transparent tape. If the three pieces fit 
together, form a 90° elbow, and are the desired diameter, 
you have made the development correctly. 

RADIAL DEVELOPMENTS 

The construction of a radial development is similar 
to that of a parallel development. In both cases the out- 
side surface is unrolled. 

Parallel development of a cylinder is like unrolling a 
rug; radial development of a cone is like opening up and 
flattening out an ice cream cone. 




Figure 11-6.— Unrolling the cone. 



You'll use evenly spaced reference lines in both cases. 
In one case the lines are parallel, like a picket fence. 
In the other case they radiate from the apex of a cone 
like the spokes of a wheel. The parallel development 
reference lines were projected horizontally. In radial 
development the reference lines will be transferred from 
the front view to the development, using the dividers. 

The frustum of a cone is shown in figure 11-7. (A 
frustum is the part of a cone that is left when the top 
is sliced off.) Here's how you develop it: 

Draw the front and top views. Divide the base circle 
(top view) into 12 equal arcs by radial lines. Project 
lines from these intersections vertically downward, to 
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intersect the line BC of the front view. Connect these 
points of intersection with lines running to the apex, or 
point of the cone, at A. 

Now mark the horizontal lines through points a, b, c, d, 
e, f, and g. The distances measured along AC from C are 
true lengths and are used for the development. 

Start the development by swinging an arc with a 
radius equal to AB or AC. Use any convenient point for 
the center. 




Figure 11-7.— Radial development of a cone. 
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Now set your dividers for one-twelfth the circum- 
ference of the circle forming the top orthographic view. 
Step off 12 spaces around the development arc and run 
lines from these points to the center of the arc. Remember 
that it takes 13 lines to make 12 spaces. Number the 
corresponding points as indicated on figure 11-7. 

The next step is to mark the true lengths of the lines 
on the development. To get the true length of line 1, set 
the dividers on C and a and transfer this distance to the 
development on the two lines marked 1. In figure 11-7 
the dividers are set for the true length of lines U and 10. 
This distance is transferred to lines U and 10 on the 
development. 

Complete these measurements and you have a point on 
each of the radial lines of the development. Fair a smooth 
curve through these points to complete the layout of the 
pattern for the cone frustum. 

In making this layout don't forget to add the proper 
allowances for the seams. 

TRANSITION PIECE 

For developments of objects that cannot be made by 
angular development, parallel development, or radial 
development you'll use a method known as triangula- 
tion. It is a system for finding and using the true lengths 
of lines. 

One problem involving triangulation is an offset funnel 
that has a spout that is not in the center. Another prob- 
lem is a transition piece such as is required to connect 
a square pipe or duct to a round one. The development for 
one of these transition pieces is shown in figure 11-8. 

Here's the procedure for making this development : 

Draw a circle and a square (view I) to represent the 
top view of the object. The dimensions are determined 
by the size of the two pipes to be connected. 

So that both pipes will fit properly, the transition must 
have four flat triangular areas which taper to a point 
at the corners of the square. 
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Divide half the circle (view I) into 8 equal arcs with 
your dividers, and connect the 5 points on each quarter 
of the circle with the corresponding corner of the square. 
Number the points. The lower half of the top view now 
shows half of the 4 triangular flat areas. As this transi- 
tion is symmetrical, it is necessary to draw only one-half 
of the object. 




Figure 11-8. — Triangular development of a tramitioe. 



Project over to the left to construct side view II. 

At some convenient location draw a horizontal line XY 
(view III) equal to the length of the transition piece. 
Erect the perpendicular YZ of an indefinite length. 

The usual procedure in fabricating this transition 
from sheet metal would be to make the seam at Al, 
view I. This, then, is a logical place to start the develop- 
ment. To find the actual length of Al, transfer — by 
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means of your compass — the length of A I in view I to 
the vertical line ZY in view III. On this vertical line mark 
point A. Then draw line AX, which represents the actual 
length of Al on the transition top view, view I. 

At some convenient place draw line Al, view IV, and 
mark the ends. 

With your compass, measure the distance from A to B 
in view I, and with point A, view IV, as a center, swing 
an arc. 

Find the actual length of Bl in the same manner as 
you found the length of Al. Transfer this distance to 
the development, using actual Al as a radius and point B, 
view IV, as a center to swing an arc intersecting the 
short arc previously drawn with A as a center. Mark 
the intersection B, and draw straight line AB. This 
completes triangle ABl, view IV. 

Set your compass to the length of chord 1-2 on the 
circle of view I; then, in view IV, swing an arc with 
point B, view IV, as a center, to intersect the short arc 
previously drawn with point 1 as a center. Mark this 
intersection "2" and draw straight line B2. This com- 
pletes two sides of angle 1B2. 

Proceed in like manner to locate points, 8, U, and 5. 

Line B5 is equal in length to line C5, and line BC in 
view IV is equal to line BC in view I. 

Construct the triangle BC5 in view IV. 

Locate points 6, 7, 8, and 1 in the same manner that 
you located points 1, 2, 8, U, and 5. 

Construct triangle CDl, which is similar to ABl. 

Connect points 1,2,8, h, 5, 6, 7, 8, and 1 with a smooth 
curve, completing half of the development. As the transi- 
tion is symmetrical, use the first half of the development 
as a pattern to make the second half, thus completing 
the transition piece of the development. 

If the two pipes were not on the same axis (out of line) 
it would be necessary to construct the entire development 
pattern by triangulation. 
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It is possible to simplify the transition development in 
figure 11-8 still further, as each quarter is equal. The 
procedure in brief is : 

Construct the triangle ABl, view IV. 

Locate points 1, 2, 3, 4, and 5, view IV. 

Construct triangle B5K. You know that this transition 
is symmetrical, so 2 A must equal 5K, and AB must equal 
BK. With the actual length of A B as a radius and point 5, 
view IV, as a center, swing an arc. Then, with the actual 
length of AB as a radius, and point B, view IV, as a 
center, swing an arc intersecting the one just drawn. 
Mark this intersection K and draw straight lines to com- 
plete triangle B5K. This establishes one quadrant (one- 
fourth of the development). 

Now project lines A 1 and K5 until they intersect at L, 
to establish the center of the development. 

From center point L, swing a radius that cuts through 
points 1 to 5. 

If development 123U5KB A 1 is folded along line LK, it 
will form a correct development for 56781DCK5. 
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QUIZ 

Draw the front view and develop this frustum of a pyramid. 




The dimensions are: Inches 
Diameter of circle circumscribed around the hexagon 

base 2 

Vertical height of pyramid 2Vz 

Highest cut (slant height) 1% 

Lowest cut (slant height) % 

Develop the three-piece 90° elbow shown in fig. 11-5, given 

these dimensions: 

Vertical height of elbow cylinder 4 

Diameter of cylinder 1% 



Centerpiece is twice the length of either end piece. 
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CHAPTER 12 



ELECTRICAL BLUEPRINTS 

DIAGRAMS AND SCHEMATICS 

When a draftsman draws an electrical wiring dia- 
gram, he uses electrical abbreviations or symbols instead 
of drawing each piece of electrical equipment in detail. 
Unfortunately, an identical piece of equipment may be 
represented by an entirely different symbol by different 
draftsmen. Therefore, a single set of standard symbols 
is difficult to prepare ; but listed here are a few of the 
more common ones. 

Actually there are two complete lists of symbols — 

ELEMENTARY and SCHEMATIC. The ELEMENTARY SYMBOLS 

are used on wiring diagrams that show each conductor 
and all the connections in the circuit. These symbols are 
more detailed than the schematic symbols which are 
used to show the location and general layout of the 
circuit. 
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A B 

Figure 12-1.— Types of electrical diagram: 
A — elementary; B — schematic. 



Although the two diagrams in figure 12-1 look differ- 
ent, both show exactly the same thing — the connection 
pattern of coils in an electric motor. The elementary 
diagram (left) is somewhat like an illustration, while 
the schematic diagram (right) uses a form of shorthand. 
You'll find it easy to make and read schematics when you 
know the symbols and their meanings and uses. 

ELEMENTARY WIRING DRAWINGS 

All shipboard wiring blueprints are classified under 
three general headings: elementary wiring drawings, 
isometric wiring drawings, and wiring deck flans. 

The elementary wiring drawing is, as the name implies, 
as simple and detailed as possible. It shows each indi- 
vidual conductor in the circuit and every connection 
made. It may or may not show the connection boxes 
themselves. In all interior communication (IC) circuits 
the lugs in each connection box are stamped with the 
proper lead markings. The elementary wiring diagram 
shows these lead markings alongside each lead of the 
circuit. 

An elementary wiring drawing for a controller usually 
shows the relative position of the various components 
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of the controller. Most elementaries, however, show 
nothing of the fixtures or cable runs, and for this reason 
they are not drawn to scale. Elementary drawings use 
the elementary type of symbols. An elementary drawing 
would be used to check proper connection in a circuit or 
to make the initial hook-up. Each elementary wiring 
blueprint contains one circuit only. 

ISOMETRIC WIRING DRAWINGS 

Each electrical system has its own isometric wiring 
drawing. If the individual system is not too large, it will 
be covered by one blueprint. There will be a separate 
isometric wiring diagram for each IC circuit. 

In isometric drawings the decks are arranged in tiers, 
starting at the bottom with the hold and successively 
arranged to show the bridges and superstructure. Section 
and divisional bulkheads are shown, as well as the bulk- 
heads that divide the deck into the main compartments. 
The centerline is marked with frame numbers every 
5 or 10 frames. The outer edge of each deck is drawn with 
the general outline of the shape of the ship. 

All athwartship lines are shown at an angle of 60° to 
the centerline, and the location of compartments as shown 
by the blueprint gives an accurate idea of the deck 
arrangement, although not in detail. The purpose of 
distorting the athwartship lines is to permit the con- 
tinuous representation of cables passing between decks. 
Cables running from one deck to another are drawn as 
light lines at right angles to the centerline. 

The exact location of fixtures and cable runs cannot be 
satisfactorily arrived at by use of an isometric wiring 
blueprint, because the locations shown are only approxi- 
mate. The symbol numbers of the fixtures in the circuit 
are given and also the cable numbers and sizes. This aids 
the electrician in associating each circuit with its elemen- 
tary wiring drawing. An isometric wiring diagram for 
a turret is shown in figure 12-2. What this diagram 
means is illustrated in figure 12-3. 
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Hgare 12-2. — Isometric wiring diagram for 8-Inch turret 
Illumination system. 



Elementary and isometric presentations of a circuit 
often are on the same blueprint. Isometric wiring draw- 
ings use schematic symbols and are never drawn to any 
one set scale. 

A cable, regardless of the number of conductors, is 
represented on an isometric wiring diagram by a single 
line, and no attempt is made to show the proper connec- 
tions in connection boxes or at fixtures. An isometric 
type of drawing thus shows at a glance a rough picture 
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of the entire circuit's layout. Isometric wiring diagrams 
of lighting and power circuits usually are used to indicate 
only the main supply cables, feeders, and their associated 
equipment. 




Figure 12-3. — The turret illumination system indicated by the wiring 

diagram in figure 12-2. 

WIRING DECK PLANS 

The wiring deck plan is a blueprint used chiefly in con- 
struction. It enables the electrician at a naval shipyard 
to lay out his work for a number of cables without 
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referring" to each individual isometric wiring drawing. 
Wiring deck plans do not distort the athwartship mem- 
bers ; they represent a true plan. 

WIRING CONNECTIONS 

In the schematic diagram shown in figure 12-4 notice 
the two methods of representing wire connections for the 
three-lamp and battery circuit. 




r@i f@l f@" 



(A) 



+ 




(8) 



NOT CONNECTED 



■©|j®jj @- 
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NOT CONNECTED 
Figure 1 2-4. — Wiring connections. 

By the method shown in A a half circle or loop is used 
to show a crossing of two wires that are not connected. 
A connection is shown by two lines crossing or inter- 
secting at right angles. 

By method B a crossing point of two wires is a con- 
nection only if you place a dot there. 



PRACTICE DIAGRAMS 

Figure 12-6 is a schematic diagram of a headset 
sound-powered phone and figure 12-5 is a wiring diagram 
for a four-cylinder V-type powerboat engine. Study these 
diagrams and then see if you can trace similar ones for 
some electrical equipment with which you are familiar. 
Check your drawings and labels against the symbols 
shown at the end of this chapter. 
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RECEIVERS 




BLACK WHITE- 
TRANSMITTER 




BLACK** 



0.1 MF CON0. 

PLUG CORD, 
BLACK 
WHITE 

Figure 12-4. — Schematic diagram af sound-powered telephone. 



ELECTRICAL AND ELECTRONIC SYMBOLS 

A schematic diagram does not tell how the parts look 
nor how they are constructed. Its purpose is to show how 
the parts are connected for the operation of the electrical 
circuit. Once you have learned the basic symbols, you 
will find electrical blueprints easy to read. Get acquainted 
with these basic symbols and you will be able to take 
the variations in your stride. It is a good idea to refer 
to specifications and standards at regular intervals, 
because these standards do change from time to time. 
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ELECTRICAL ond ELECTRONIC SYMBOLS for USE on DRAWINGS 
JAN-STD-15 



ANTENNA 

4J rti T 

AERIAL COUNTERPOISE DIPOLE 



LOOP 



AUTOTRANSFORMER 



SINGLE -PHASE 



FIXEO TAPS 



VARIABLE 



CELL 



BATTERY 



24V 



# 



POLARITY SHOWN VOLTAGE SHOWN COUNTER EMF 



BUS 




NO CONNECTION HERE 



CONDUCTORS 




+ 



m 



NO CONNECTION JUNCTION NO CONNECTION JUNCTION 



© 

INCOMING CURRENT 



© 

OUTGOING CURRENT 



SINGLE COAXIAL 





COAXIAL, DOUBLE SHIELDED 
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INDUSTRIAL 



CAPACITOR 
FIXED 



VARIABLE 



CIRCUIT BREAKER 



PUSH BREAKER PUSH-PULL BREAKER AUTOMATIC BREAKER 



COILS 



r 1 



BLOWOUT 


SERIES 


SHUNT 




CONTACT 


MAKER 




HI- 




^ MS 




NORMALLY OPEN 


NORMALLY 


MERCURY 


TEST 




CLOSED 


SWITCH 


SWITCH 



CRYSTAL 



-0- 



DETECTOR 



PIElO-ELECTRfC 



DIODE 



0 



0 



DIRECTLY HEATED 



INDIRECTLY HEATED 



DYNAMOTOR 



u 0 



FUSE 



<r\p 



FIELDS. MOTOR a GENERATOR 



COMPENSATING 



SERIES 



SHUNT 



OPTIONAL 
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(?) 



GENERATOR. A C. 



THREE-PHASE SYNCHRONOUS SINGLE-PHASE SYNCHRONOUS 
GENERATOR GENERATOR 



GENERATOR. D C. 



SERIES 



SHUNT 



INDICATING LIGHT 



© 



Or 



GAS FILLED 



INDUCTOR 



3 




VARIABLE MAGNETIC CORE 



INSTRUMENTS AND METERS 



(£au) (vm) 



UVj 

GALVANOMETER 



(am) (ohm) 



VOLTMETER AMMETER OHMMETER 



0 




WATTMETER 



SYNCHROSCOPE 



LAMP 



3 



BALLAST 



ILLUMINATING 



130 



MOTORS, AC. 




THREE-PHASE INDUCTION 
MOTOR 



THREE-PHASE SQUIRREL 
CAGE MOTOR 



MOTORS, DC 




1 — 'WO^ — 
COMPOUND MOTOR 



SERIES MOTOR 



POTENTIOMETER 



DETAILED 



SIMPLE 



PUSHBUTTON SWITCH 
1 



FORMALLY OPEN 



JORMALLY CLOSED — w I 



SPRING RETURN NON-SPRING RETURN 



4 



HALF WAVE 
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RELAY 



MAKE CONTACTS BREAK CONTACTS 



SIMPLE DETAILED 



RHEOSTAT 



l=y=3 f 



DETAILED 



MOTOR DRIVEN 



SOLENOID 



rr 



PLUNGER TYPE 



SWITCH 



ROTARY TOGGLE SWITCH TOGGLE SWITCH 

SPST DPDT 

SYNCHROS 





TRANSMITTER— OlFrtRENTIAL 
RECEIVER TRANSMITTER 
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TERMINALS 



TERMINAL STRIP 



THERMOCOUPLE 



LL U 



DIRECTLY HEATEO INDIRECTLY HEATED 

7* - ■ ■ 

TRANSFORMERS 
vJMJL / uuuu ^flAiL/ 

nppr* rvv^ 'iwh 

AIR CORE MAGNETIC CORE POWDERED IRON CORE 

TUBES, ELECTRON 



-0 




TRIOOC TETRODE 




PENTODE COLO CATHODE 
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E • VOLTAGE 
I • CURRENT 



Y • VOLTS 

a • AMPERES 

-n.» OHMS 

~> CYCLES PER SEC 

• • NEGATIVE 



R • RESISTANCE 
{ ■ FREQUENCY 
+ • POSITIVE 



GENERAL SYMBOLS 



A piece of equipment without a standard symbol is 
represented by a rectangle, circle, or combination of both. 
Circles indicate rotating equipment; rectangles are used 
for nonrotating equipment. The equipment is identified 
by a number or label inside or outside the rectangle 
or circle. A watertight unit is usually shown by simply 
doubling the outer lines of the symbol. 



1. What are the two types of electrical diagrams? 

2. a. Are isometric wiring diagrams drawn to one set scale? 

b. Do isometric wiring diagrams use elementary or schematic 
symbols? 

3. What is the chief use of wiring deck plan? 

4. What are two methods of showing wires that cross without 
interconnection? 

5. In schematic electrical symbols what is generally done to show 
water-tightness? 



QUIZ 
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CHAPTER 13 



MECHANICAL AND PIPING SYMBOLS 
MECHANICAL SCHEMATIC DIAGRAMS 

Figure 13-1 shows a schematic diagram of a simple 
mechanism connected to a ship's speed indicator. Note 
the symbols in the legend and how they are used on the 
diagram. Notice that the gears are described by P and T. 
P is the pitch or number of gear teeth per inch ; T is the 
number of teeth on that particular gear. See if you can 
trace the mechanism through from the crank to the dial. 

Fire Controlmen, Gunner's Mates, and Torpedomen 
often have to read mechanical schematics like that shown 
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SHIP'S SPEED 
OWL 0—40 KN 




Figure 13—1. — Schematic diagram of a mechanism. 



in figure 13-2. The purpose of this type of diagram is to 
show how certain standard mechanical units are hooked 
up together. These standard units are represented by 
special symbols, and the man who uses the drawing is 
expected to have previous knowledge as to how the 
unit works. 

For example, the sliding device, shown at the lower 
left in figure 13-2, is a multiplier. It is a mechanical 
linkage with three shafts coming out of it. Two are drive 
shafts, usually called inputs; one is a driven shaft, or 
output. If one of the drive shafts turns 10 times and 
the other drive shaft turns 2 times, the driven shaft will 
turn 10 X 2, or 20 times. 

Each little circle with an X inside it represents a 
differential gear. These gear assemblies are so ar- 
ranged that if two gears are turned, the third will move 
as much as the combined movement of the other two. 

Other devices pictured with symbols are the two 
integrators in the upper corners, two component solvers, 
a computing cam, dials, and hand cranks. 
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The lines joining the symbols are the important part 
of the diagram. Each line indicates the existence of a 
mechanical connection. It does not identify the connec- 
tion — it may be a single gear or it may be a complicated 
arrangement of many gears and shafts. The lines do not 
ordinarily represent the actual position of shafting. 
Instead, they are drawn in any convenient location, like 
the lines of an electrical wiring diagram. 



-,R 




CRANK 

Figure 13-2. — Mechanical schematic of a rangekeeper. 



The mechanism illustrated, a simple rangekeeper, is a 
computing device used in fire control. If proper values 
of your own ship's speed and course, target ship's speed 
and course, and initial range and bearing of the target 
are cranked into the rangekeeper, the range-counter dial 
will continue to show the correct range between the 
moving ships as long as the time motor continues to run. 

PIPING SYSTEMS 

If you played basketball or football in school, you used 
schematic diagrams. The coach drew the diagrams. He 
showed the location of the players' positions by small 
circles and their movements by lines and arrows. The 
draftsman uses similar diagrams to show the ship's fresh 
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MAIN 
CON0EN5ER 



OUMS 



I 



MAIN AW 
PUMP 



VENT -7 



FEED AND 
FILTER TANK 



-04- 



MAIN FEED' 
PUMP 



I 



FEED WATER 
HEATER 



i 




/— ^-FUCL (XL KEATING DRAMS 
^-M*M PRESSURE STEAM DRAINS 



HEATING SJSTEM DRAINS 



AUXILIARY 
CONDENSER 



AUXILIARY 
AM PUMP 



^VENT 



RESERVE 
FEED TANK 



SAFETf 



VALVE ORAM 



VALVE [X3 
DIRECTION OF FLOW 



BOILER 



Figure 13-3. — Open feed water system for boilers. 



water system, lubrication systems, fuel oil systems, re- 
frigeration system, and drainage systems. 

The secret of using these schematic diagrams is know- 
ing and recognizing the symbols. Most of these symbols 
are standardized. If any unusual symbols are found on 
the diagram, you'll find an explanation in the legend, 
which is an explanatory reference table or block. 
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STUDY DIAGRAMS 

Study the diagrams, figures 13-3, 13-4, 13-5, and 13-6. 
Don't be disappointed if the lines in the diagram don't 
look exactly like pipes. If they did, it would be a mechani- 
cal drawing and not a diagram. The diagram will clearly 
indicate the locations of valves, vents, gages, tanks, 
pumps, etc. It will show the direction of flow of the liquid 
or steam in the pipes and tell what kind of substance it is. 

Immediately following these diagrams is a table con- 
taining some of the more common symbols used in dia- 
grams of military equipment. Refer to them while 
studying the diagrams. 




SWING CHECK VALVE 



SUPPLY LINES = 

RETURN LINES 

STOP VALVES (g) Q 



Figure 13-4. — Typical forced lubrication system found 
on naval vessels. 
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DRAINAGE OR FLOOD LINE STOP VALVE V- VOID 

COMPARTMENT BOUNDARY LINE 3 ANGLE STOP YALVg F - FUEL 

o BILGE SUCTION AND STRAINER GDSEA CHEST E- MACHINERY 

VBjOC VALVE BLOWOUT CONNECTION HLV HYDRAULIC VALVE A* FORWARD 

— 5EDUCTOR 



Figure 1 3-5.— Detailed sketch of drainage and flooding system. 
NORTH CAROLINA class battleships. 
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— - WATER LINE 
A COMPRESSOR 
B CONDENSER 
C RECEIVER 
0 WATER PUMP 
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CHARGING CONNECTION 



TO* 



SYMBOLS 
W B v. WATER BOX VENT 
W.B.O. WATER BOX DRAIN 
PV. PURGE VALVE 
D.V. DRAIN VALVE 
0- GAGE 

S REGULATING VALVE 
Q.F.V. OIL FILLING VALVE 



tx> STOP VALVE 

S REDUCING VALVE 

0_ RELIEF VALVE 

.q. STRAINER 

WBm THERMOMETER 

O WATER FAILURE SWITCH 

O HIGH PRESSURE SWITCH 

& SUCTION PRESSURE SWITCH 



Figyre 13-6. — Diagram off ship refrigeration system. 
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QUIZ 

Do the lines indicating mechanical connections ordinarily rep- 
resent the actual position of the shafting? 

a. Referring to gears what does P mean? b. What does T 
mean? 

Draw the following symbols: 

a. General valve, 

b. Duplex strainer. 

c. Bucket trap. 

d. Locked closed globe valve* 
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CHAPTER 14 



WELDING SYMBOLS 
WELD SYMBOL AND WELDING SYMBOL DEFINED 

This chapter is only an introduction to the standard 
•welding symbols which appear on modern blueprints. No 
attempt is made to define or explain even the few welding 
terms used in relation to these symbols. It is assumed 
that you have learned or will learn the meanings of the 
various welding- names and processes, such as braze, 
resistance, flash, thermit, fillet, and so on, in the course 
of your welding work or in other texts. 

In the Military Standards for welding terminology 
(and probably in most civilian usage as well) a distinc- 
tion is made between the terms weld symbol and weld- 
ing symbol. 

The WELD symbol is a graphic (written) or picture 
symbol used to indicate the desired type of weld. Figures 
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TYPE OF WELD 


BE A D 
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Figure 14-1.— Basle arc 


and gas weld lymbols. 
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SPOT 
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XXX 
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Figure 14-2. — Basic resistance weld symbols. 
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ALL 
AROUND 


FIELD 
WELD 
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Figure 1 4-3. — Supplementary symbols. 

14-1, 14-2, and 14-3 illustrate the basic weld symbols. 
Note that these weld symbols to a great extent resemble 
in shape the types of welds which they represent. Braz- 
ing:, forge, thermit, induction, and flow welding are 
indicated by using a process or specification reference in 
the tail of the welding symbol. 

The welding symbol, on the other hand, is the 
assembled symbol, consisting of some or all of the follow- 
ing elements : Reference line, Arrow, Basic weld symbols, 
Dimensions and other data, Supplementary symbols, 
Finish symbols, Tail, Specification, process, or other 
reference. 

These elements and their standard locations with re- 
spect to each other are illustrated in figure 14-4. 

In pages 178 through 183 the left-hand page in each 
case illustrates various symbols and describes their use; 
the right-hand page shows them as they would appear on 
actual blueprints. 
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HOW TO READ WELDING SYMBOLS 



The following information is based on Joint Army -Navy 
or Military Standards for welding symbols; Reference to 
the latest JAN or MIL Standards should occasionally be 
made, as the Standards are subject to change from time to 
time, A careful study of the following rules and illustra- 
tions, plus a little thought as to their interpretation and 
possible variations, should enable you to meet almost any 
welding blueprint with confidence. 

GENERAL 

1. Welds on the arrow side of the joint are shown by placing the 
weld symbol on the side of the reference line toward the reader, as 
follows: 

/ v — rr\/ 



2. Welds on the other side of the joint are shown by placing the 
weld symbol on the side of the reference line away from the reader, 
as follows: 



3. Welds on both sides of the joint are shown by placing weld 
symbols on both sides of the line, as follows: 

4. Spot, seam, flash, and upset symbols are centered on the refer* 
ence line, as follows: 

/->eee 

5. A specification, process, or other reference is placed on the tail, 
as follows (if no reference is required, the tail is omitted) : 



6. General notes or specifications may be placed on the drawing, so 
that it will not be necessary to repeat references at the various sym- 
bols, as: "Unless otherwise indicated, all fillet welds are Me-inch size." 
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7. Welds extending completely around a joint are indicated by the 
weld-all-around symbol, as follows: 



8. Field welds, that is, those made not at the place of original con- 
struction but later "in the field/' are indicated by the field weld 
symbol, as follows: 



v 



9. Spot and seam weld symbols may be placed directly on drawings 
at the locations of the desired welds, as follows: 



woooooooo 



But all other weld symbols are shown only on the welding symbol 
reference line and never on the lines of the drawing. 

10. Fillet, bevel, and J-groove symbols are shown with the per* 
pendicular leg always to the left, as follows: 



TV 



11. Information on welding symbols is read from left to right along 
the reference line, as follows: 



12. When joints have more than one weld, a symbol is shown for 
each weld, as follows: 

^ <H^- -IP 



■ft- 



13. When the basic weld symbols are inadequate to show all that 
is needed, the weld is shown by a cross section, detail, or other data 
with a reference thereto on the welding symbol, as follows: 



\ 



U M II 



,ttn. Ill 



\ 
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FILLET WELDS 



1. The size of a fillet is shown to the left of the weld symbol. If the 
fillet has unequal legs, the sizes are shown in parentheses to the left of 
the symbol. (See figure 14-8.) 

2. The length of a fillet is shown to the right of the weld symbol. 
If the weld extends the full length of a piece, no length dimension may 
be shown. (See figure 14-9, 14-10.) 

3. Hatching may be used to show the extent of fillet welding: 



vvvvv". kwwvvvi 



4. The pitch or center-to-center spacing of intermittent fillet welding 
is shown to the right of the length dimension: 

, baa/ 



5. Chain intermittent fillet welding is shown as follows: 

6. Staggered intermittent fillet welding is shown «as follows: 



7. Flat-faced welds are shown by adding the flush-contour symbol 
to the weld symbol: 



8. Welds tjiat are to be made flat-faced or to be finished to a convex 
contour by mechanical means are shown by adding both the flush- 
contour symbol or the convex-contour symbol and the user's standard 
finish symbol to the weld symbol. G indicates grinding; M , machining; 
and C, chipping. 
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DE5IRE0 WELD 



SYMBOL 



Figure 14-5.— -Size of single-fillet 
weld. 



OCSIREO WELO SYMBOL 

Figure 14-6.— Sixt of equal double* 
fillet welds. 
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SYMBOL 




SC^— QW»ENTAY> 



ON 

SHOWN ON 
0 PAWING 



DESIRED WELO SYMBOL 

Figure 14-7.— Size of unequal Figure 14-8.— Size of fillet weld 
double-fillet weld. having unequal legs. 




OESiMEO WELO 




SYMBOL 



OESiREO WELO 



SYMBOL 



Fi jure 1 4-9.— Continuous fillet weld. Figure 1 4-1 0.— Length of fillet weld. 
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Figure 14-11.— Length and pitch of increments of staggered intermittent 

welding. 
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SYMBOLS 

Figure 14-12. — Combined intermittent and continuous welding. 



171 



GROOVE WELDS 

1. The .size of groove welds is shown to the left of the weld symbol: 



4^ 



2. The depth of grooving and the root penetration are read in that 
order, from left to right along the reference line (separated by a plus 
sign) : 



3. Root openings follow the user's standard unless otherwise indi- 
cated. When not the user's standard, the dimension of the root 
opening is shown inside the weld symbol: 



4. The groove angles are user's standard unless otherwise indicated* 
When not the user's standard, the groove weld is shown as follows: 



5. Groove radii and root faces of U- and J-groove welds are the user's 
standard unless otherwise indicated. If not the user's standard, the 
weld is shown by a reference, as follows: 
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MOOT ft 



OCSIRCO WCLO SVM0OL 

Figure 14-1 3.— Welds with no speci- 
fied root penetration. 



DESIRED WELD SYMBOL 

Figure 14-14.— Welds with specified 
root penetration. 
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Figure 14-15.— Designation of sixe 
of groove welds with specified root 
penetration. 
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SYMBOL 

Figure 14-16.— Combined welds with 
specified root penetration. 
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Figure 14-17.— Designation of root Figure 14-18. — Groove angle or 
opening of groove welds. groove welds. 
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GROOVE WELDS (Continued) 



Flush and Contour 



6. Flat-weld groove welds are shown by adding the flush-contour 
symbol to the weld symbol: 



-tK V* 



7. If the groove weld is to be made flush not only by flat-welding 
but by mechanical means, the user's standard finish symbol is added 
to the weld symbol: 



8. If a groove weld is to be mechanically finished to a convex con- 
tour, both the convex-contour symbol and the user's standard finish 
symbol is added to the weld symbol: 
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WELD DEPOSITED FLUSH 




DESIRED WELO SYMBOL 



B«ur« 14-19.— Us* of contour symbols with groove welding symbols 

982348°— 61 13 
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BEAD WELDS (or BACK or BACKING WELDS) 



1, The single bead weld symbol is used to indicate bead-type back or 
backing welds of jingle-groove welds. (See figure 14-20.) The dual 
bead weld symbol indicates surfaces built up by welding. (See 
figure 14-22.) 

2. Bead welds used as backing welds are shown by placing a single 
bead weld symbol on the side of the reference line opposite the groove 
yreld symbol: 

-*s ^- 

3* No dimensions are shown on the welding symbol for bead welds 
used as back or backing welds. If such dimensions are to be specified, 
they are so stated on the drawing. 

4, The dual bead weld symbol is used to indicate surfaces that are 
to be built up by welding: 

y l 



5. Since the dual bead symbol does not indicate a joint, it has no 
arrow- or other-side significance. The symbol is drawn on the side of 
the reference line toward the reader, and the arrow points directly to 
the surface on which the weld is to be deposited. (See figure 14-22.) 

6. Dimensions used with the dual bead symbol are shown on the 
same side as the weld symbol. The size of the surface to be built up 
is indicated by showing the minimum height of the weld deposit to the 
left of the weld symbol, as follows (when no specific height is desired, 
no size dimension need be shown) : 

7. When backing welds are to be welded approximately flush, the 
flush-contour symbol is added to the bead weld symbol: 

M*- <-R- -V 

8. When bead welds or backing welds are to be made flush or finished 
to a convex contour by mechanical means, both the flush-contour sym- 
bol or the convex-contour symbol and the user's standard finish symbol 
are added to the bead weld symbol, thus: 
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Fls«r« 14-20.— Use of bead weld symbol to indicate single-pass back weld. 
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Figure 14-21.— Bead, slnglt-J-jroovt and fillet weld symbols. 





DESIRED WELO 



SYMBOL 



Figure 14-22.— Portion of surface built up by welding 
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PLUG WELDS 



!. The plug weld symbol is never used to designate fillet welds in 
holes. Fillet welds in holes and slots are shown by means of the fillet 
welding symbols. 



2. If the hole to be plug welded is on the arrow side, the weld symbol 
is placed on the side of the reference line toward the reader, as shown 
in figure 14-23. 



3. If the hole is in the other-side member of a joint, the weld symbol 
is placed on the reference line away from the reader, as shown in 
figure 14-24. 



4. The size of a plug weld is shown to the left of the weld symbol, as 
follows: 



5. The included angle of countersink of the plug weld is the user's 
standard unless otherwise indicated. If not that of the user, the 
included angle is shown as follows: 



/res 
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OESIREO WELD 



SECTION OR 
END VIEW 



ELEVATION 



Figure 1 4-23. — Use of arrow-side plu$ wtlding symbol. 





SECTION OR FLFVATION 
END VIEW ELEVATION 

Figure 1 4-54. — Use of other-side plus welding symbol. 
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Fijurt 14-J5.— Silt of plus wttd. 
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PLUG WELDS (Continued) 



6. The depth of filling of a plug weld is complete unless otherwise 
indicated. If the filling is to be less than complete, the depth of filling, 
in inches, is shown inside the weld symbol, as follows: 



7. The pitch, that is, the center-to-center spacing, of plug welds is 
shown to the right of the weld symbol : 



Z_W -T~7« / 



8. The flush-contour symbol is added to the weld symbol when a 
plug weld is to be welded approximately flush without using any 
method of machining, as follows: 



/ 



zzr~ \ v~7 



9. If a plug weld is to be made flush by mechanical means, both the 
flush-contour symbol and the user's standard finish symbol are added 
to the weld symbol, as follows: 



v 



c 
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DESIRED WELO 



SYMBOL 



Figure 14-26.— Included angle of countersink of plug welds. 
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Figure 14-27.— Depth of filling of plug welds. 
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OESIREO WELDS SYMBOL 



Figure 14-28.— Pitch of plug welds. 




DESIRED WELDS *-A SYMBOL 

Figure 14-29.— Plug welding symbol showing us« of combined dimensions. 



181 



SLOT WELDS 



1. The weld symb for a slot weld is the Name as that for a plug 
weld. (Its meaning is clearly shoun by the not hole on the drawing.) 
But the length, width, spacing, included angle of countersink, orienta- 
tion, and location of slot welds cannot be shown on the welding symbol. 
These data are shown on the drawing or by a detail, with a reference 
on the welding symbol, as follows: 



2. The depth of the filling, however, may be indicated. If the slot 
is completely filled, no notation is made. When the depth of filling is 
less than complete, the depth of filling in inches is sho.wn inside the 
weld symbol, as follows: 



3. Slots in the arrow-side member of a joint for slot welding are in- 
dicated by" placing the weld symbol on the side of the reference line 
toward the reader. (See figure 14-30.) 



4. Slots in the other-side member of a joint for slot welding are indi- 
cated by placing the weld symbol on the side of the reference line away 
from the reader. (See figure 14-31.) 



5. The slot weld symbol is never used to designate fillet welds in 
slots. 
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Figure 1 4-30— Uic of arrow-side slot welding symbol. 
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Figure 14-31.— Um of other-tide slot welding symbol. 
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Figure 14-32.^ompTetely filled slot welds. 
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SPOT WELDS 

1. Spot weld symbols have no arrow- or other-side significance in 
themselves. Other symbols used along with spot symbols may have 
such significance. Spot weld symbols are centered on the reference 
line. The dimensions may be shown on either side of the reference 
line. 

2. Spot welds are dimensioned either by size or strength. The size 
is designated as the diameter of the weld expressed decimally in hun- 
dredths of an inch and is shown with inch marks to the left of the weld 
symbol, as follows: 

3. The strength of spot welds is designated as the minimum accept- 
able shear strength in pounds per spot and is shown to the left of the 
weld symbol, as follows: 

4. The pitch (center-to-center spacing) of spot welds is shown to the 
right of the weld symbol, shown below. (When spot weld symbols are 
shown directly on the drawing, the spacing is shown by dimensions, as 
in figure 14-37.) 

5. When a definite number of spot welds is desired, the number is 
shown in parentheses, above or below the symbol, as follows: 

s*r 

6. When the exposed surface of one member of a spot-welded joint 
is to be flush, that surface is indicated by adding the flush-contour 
symbol to the weld symbol, observing the proper location significance, 
as follows: 



MR 

184 




A 

4 *- 



30 Ml*. OlA. 



• i A 

OCSIRCO who 




Fie. ure 14-33.— Diameter of spot welds. 
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Figure 14-34. — Sheof strength of spot welds. 
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Fifurt 14^35.— Pitch of spot welds shown on symbol. 
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Fisvire 14-36.— Pitch of spot wolds with symbols on drawing 
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OtSiHtO WCLOS SYMBOL 

Flfurt 14-37.— Spot weldinj symbol showing use of combined dimensions. 
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SEAM WELDS 



1. Seam weld symbols have no arrow- or other-side significance in 
themselves. Other symbols used with them may have such signifi- 
cance. Seam weld symbols are centered on the reference line. Their 
dimensions may be shown on either side of the reference line. 

2. Seam welds are dimensioned either by size or by strength. The 
size of the weld is designated as the width of the weld expressed deci- 
mally in hundredths of an inch and is shown with inch marks to the 
left of the weld symbol: 



3. The strength of seam welds is designated as the minimum accept- 
able shear strength in pounds per linear inch and is shown to the left 
of the weld symbol: 

>08g XXX ^ \,oo XXX 



4. The length of a seam weld, when indicated, is shown to the right 
of the weld symbol: 

5. The pitch (center-to-center spacing) of intermittent seam weld- 
ing is shown as the distance between centers of the welds and is placed 
to the right of the length dimension. 



6. When the exposed surface of one member of a seam-welded joint 
is to be flush, that surface is indicated by adding the flush-contour 
symbol to the weld symbol, observing the proper location, as follows: 
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Fifurt 1 4-38.— Lcn jth and pitch of intermittent scorn weld*. 
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Fifgre 1 4-40.— Extent of team weldt • 
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PROJECTION WELDS 



1 . When the embossment is on the arrow-side of the joint, the weld 
symbol is placed on the side of the line toward the reader. When it 
is on the other side, the symbol appears on the side of the reference 
line away from the reader. The proportions of the projections are 
shown by a detail or other suitable means. 

2. Projection welds are dimensioned either by size or by strength. 
The size is designated as the diameter of the weld expressed decimally 
in hundredths of an inch and is shown with inch marks to the left of 
the symbol: 




3. The strength of projection welds is designated as the minimum 
acceptable shear strength in pounds per weld and is shown to the left 

of the symbol: 



4. The pitch (center-to-center spacing) of projection welds is shown 
to the right of the weld symbol: 



5. When a definite number of welds is desired, the number is shown 
in parentheses: 



6. When the exposed surface of one member of a projection-welded 
joint is to be flush, that surface is indicated by adding the flush-con- 
tour symbol to the weld symbol, in accordance with the usual location 
significance: 
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Fif«r« 14-41. — Diameter of projection w«ldt. 
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Fisurt 14-42.— Shear strength of projection weWi. 









• 




>< 






2 




M 

-•-5— * 


— 3 





A — A 

OESIREO WELO 



2 




/soo > 


(~5 






' — 1 


1 



SYMBOL 

Fifurc 14-43.— Pitch of projection weldi. 
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FLASH AND UPSET WELDS 



1. Flush and upset weld symbols have no arrow- or other-side sig- 
nificance in themselves, Other symbols used along with them may 
have such significance. 



2. Flash or upset weld symbols are centered on the reference line. 



3. No dimensions for flash and upset welds are shown on the welding 
symbol. 



4. Flash and upset welds that are to be made flush by mechanical 
means are shown by adding both the flush-contour symbol and the 
user's standard finish symbol to the weld symbol, keeping the usual 
location significance, as follows: 




5. Flash and upset welds that are to be mechanically finished to a 
convex contour add both the convex-contour symbol and the user's 
standard finish symbol to the weld symbol. The usual location sig- 
nificance is observed as follows: 
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Figure 14-44. — Flash or upset welding symbol— no arrow* or orher-side 

significance. 
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OESiREO WElO SYMBOL 

Figure 14-45. — Flash and upset welds finished flush. 
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Figure 14-46.— Flash and upitt welds finished to smooth contour* 

932348°— 51 14 
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Fisure 14-47. — Utt of the weld-oll-around symbol. 




DESIRED WELD SYMBOL 
Figure 1 4-48. — Deii gnatin 3 a weld with abrupt changes of direction. 
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QUIZ 

Which contains more information, the weld symbol or the 
welding symbol? 

Are there weld symbols for brazing, forge, thermit, induction, 
and flow welding? What is used? 

If the weld is to be on the side of the joint toward the arrow, 
where should the weld symbol be placed? 

Draw the weld symbols for the following: 

a. Bead d. Spot 

b. Slot e. Seam 

c. Square f. Fillet 
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CHAPTER 15 



ARCHITECTURAL AND STRUCTURAL 
DRAWINGS 

ARCHITECTURAL WORKING DRAWINGS 

Architectural drawings consist of preliminary studies, 
presentation drawings, and working drawings. In this 
book we consider only in brief some of the common 
aspects of working drawings. As a Navy man you won't 
be concerned with the design and sale of buildings; but 
as a technician using blueprints you may have cause to 
interpret and apply certain architectural conventions 
and symbols. 

Working drawings include PLANS, ELEVATIONS, sec- 
tions, DETAIL DRAWINGS, and SPECIAL FEATURES. 

Plans. — The site plan gives the salient features of a 
building site, the property line, contours, utilities (water, 
gas, sewer, electricity), location* of trees, and other fea- 
tures. A floor plan is a horizontal section which not only 
shows the floor but cuts across the walls in such a way as 
to show the doors, windows, partition walls, beams, out- 

196 



lets, and many similar installations. It might be said that 
a floor plan shows everything between one floor and the 
next one. 

Elevations. — An elevation shows the front, side or 
rear view of a structure. It is a vertical projection and 
gives the floor heights, openings, and the exterior features 
of the building. 

Sections. — Sections are interior views, used to show 
interior construction and architectural treatment. 

Detail drawings. — Detail drawings are, as the name 
implies, larger-scale drawings illustrating the detailed 
construction of the various parts of a structure. 

Special features. — Many parts used in building con- 
struction are manufactured as unit pieces by specialized 
firms. For example, ventilating fans, stock stairs, and 
railings come in certain sizes and designs. When these 
are used in a building, the architect draws his plans to 
allow for the stock sizes and designs. Then the blueprints 
provided by the manufacturer are used in connection with 
such special equipment. 

ARCHITECTURAL SYMBOLS 

For the most part, the same electrical, mechanical, and 
piping symbols described or referenced in the earlier 
chapters of this book are used in architectural prints. 
Here some of the specific architectural symbols agreed on 
for combined military use are shown; and at the end 
of this chapter some of the materials symbols, also 
approved for use by the Armed Forces, are illustrated. 

STRUCTURAL DRAWINGS 

Structural drawings usually consist of some or all of 
the following elements: 

General plan. — The general plan locates and gives the 
general features of the structure and the ground upon 
which it is situated. It includes the necessary data for 
designing the substructure and superstructure. 

1*7 
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Stress diagram. — The stress diagram shows the main 
dimensions, the loadings, stresses, and sizes of the mem- 
bers of the structure. 

Shop drawing. — A shop or detail drawing shows the 
details of the steel-and-iron work and of the timber, 
masonry, and concrete work. 

Foundation or masonry plan. — The foundation or 
masonry plan covers the detail of the foundations, walls, 
piers, etc. 

Erection diagram. — The erection diagram identifies 
and locates the various members in such a way as to help 
the erector in the field. For example, the approximate 
weight of the heavy pieces, the shipping marks, the 
number of pieces, and any other helpful data will be 
supplied on the erection diagram. 

Falsework plan.— For difficult or important work, 
plans for falsework, travelers, derricks, etc., may be 
worked out and supplied in advance. 

Bills op material. — Bills of material show the differ- 
ent parts of the structure, markings, and shipping 
weight. These bills serve as check-off lists to insure that 
the proper materials are on hand. 

Rivet list. — The rivet list provides the dimensions and 
the number of the rivets, spikes, etc., used in the 
structure. 

List of drawings. — Since so many drawings are re- 
quired for any sort of sizable structure, the drawings 
on pages 218 to 237 are provided to show the contents of 
all drawings belonging to the structure. 

The remainder of the chapter includes illustrations of 
symbols used in specific types of construction. 
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QUIZ 

1. Are the materials symbols shown in chapter 3 preferred to 
those shown in chapter 15? 

2. What does a site plan show? 

3. What is the symbol for a single double-acting door? 

4. a. What is a kip? b. What is its symbol? 

5. Give the symbols for the following: 

a. Pounds e. asphalt (section convention) 

b. At f. Mica (section convention) 

c. By g. Rubber (section convention) 

d. Field rivet with two full h. Special alloys (section 
heads convention) 

i. Plywood (section convention) 
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APPENDIX I 



ANSWERS TO QUIZZES 
CHAPTER 1 

MAKING AND HANDLING BLUEPRINTS 

1. Unit assembly, 

2. Protect them from dampness, grease, and strong sunlight. 

3. Distance should never be measured on a blueprint, because of 
three possible sources of error: 

Original inaccuracy of draftsman's work. 
Stretching during the blueprinting process. 
Shrinking during the blueprinting process. 



CHAPTER 2 
BLUEPRINT VIEWS 

1. The photograph is not accurate. It does not show true shape 
or size. 

2. Train views. The parts of an assembly or sub-assembly are 
spread out on the paper like cars on a railroad track. 

3. The lines of the isometric representing the horizontal and ver- 
tical lines of the object are true in length. 

4. Mechanical prospectives are used to provide pictures of objects 
not yet constructed. 

5. They are accurate. The lines of orthographic projection views 
indicate the true size and shape of the object drawn. 

6. An inclined or slant surface. 




a e c 
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CHAPTER 3 



LINES AND SECTIONS 

1. The names of the lines are: 

(1) Centerline. 

(2) Object outline. 

(3) Dimension line. 

(4) Extension line. 

(5) Hidden line. 

2. 




3. Revolved section. 

4. Leader. 

CHAPTER 4 
DIMENSIONS 

1. a. Because each dimension is measured from the preceding: 

dimension, each measurement is thus influenced by the 
errors in preceding measurements, and the total error will 
exceed the sum of the individual errors. On a part having 
many location dimensions, many individual errors may be 
made, and a serious total error may accumulate. 

b. By measuring each dimension in turn from the same refer- 
ence edge (or line). 

c. The double error in the last dimension measured, to which 
baseline dimensioning is always susceptible, will fall m 
whichever dimension the draftsman leaves open. 

d. Floating dimension. 

2. a. Hole: 6.5046 inches. 

Shaft: 6.4913 inches, 
b. 0.0179 inch. (Maximum diameter hole 6.5046 inches — mini- 
mum diameter shaft 6.4867 inches.) 

3. One and only one. It's your base point* 
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CHAPTER 5 



TITLE BLOCKS. NUMBERS, AND 
BILLS OF MATERIAL 

For identification during assembly and to speed up replacement 
of broken parts. 

a. That the blueprint represents a fuselage ring which would 
be located, on an airplane, 209% inches from zero station 
(nose or firewall). 

b. If a zone number for this part were shown in the title 
block, the desired view would be found in the general area 
marked by the corresponding zone number in a square along 
the lower border line of the blueprint. 

In the stock size column of the title block. 

By a letter, in a small circle near some dimension or note, or 
in a separate change or revision block. 

CHAPTER 6 

LAYOUT TOOLS 

a. 1. Scriber. 

2. Straight edge. 

3. Machinist's steel rule. 

4. Dividers (or trammel), 

5. Prick punch. 

6. Square. 

7. Protractor. 

8. French curve. 

b. Straightedge: Do not bend or dent guide edges. 
Oil and store when not in use. 

Machinist's steel rule: Measure from 1" mark to save 
wear and tear on ends. 
Do not nick or scratch. 

Keep in oiled leather sheath to guard against rust and 
dirt. 

Dividers: Reduce wear on adjusting screw by grasping 
both legs between thumb and finger when turning screw. 
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Prick punch: Use guiding wheel and oilstone to keep 
points sharp and properly angled. 

2. Because the work of lofting (laying out large parts to actual 
size) requires tools capable of transferring large distances. 

CHAPTER 7 
LAYOUT GEOMETRY 

1. Check your constructions against figures 7-8, 7-6, 7-3, 7-4, and 
7-7. 

2. a. Nine steps. 

b. 1.7 inches (1° = Circumference 67.54 -4- 360). 

* 

CHAPTER 8 
LAYING OUT 

1, The atock should have one squared edge and one squared end. 
2« To provide a background against which your layout lines will 
show up clearly. 

3. The reference line must be on the surface of the layout; the 
reference edge cannot be on the surface. 

4. Basic centerline method. 

5. Prick punch marks locate the centers of drilled holes and pro- 
vide pivot points for swinging arcs. 

6. Scratches may penetrate a protective coating and expose the 
metal to corrosion, or they may focus stresses and lead to 
early failure of the piece. 

CHAPTER 9 
CURVE OR BEND ALLOWANCE 

1. a. Bend Allowance Table. 

b. Set Back Development Chart. 

2. a. Closed; 80°. 

b. Open; 89°. 

c. Open; 35°. 

d. Neither closed nor open. 

3. The unbent surfaces of a curved corner. 
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CHAPTER 10 



TEMPLATES 

1. The strain on metal caused by the intersection of two or more 
bends. 

2. a. Because the accuracy of all the parts made from a template 

as pattern will depend upon the accuracy of the template. 

b. Use scribers and dividers instead of pencil or pencil compass 
for all outlines except those not to be cut. 
Check transferred dimensions, divider settings, and scribed 
lines with magnifying glass. 

Punch holes to specify location rather than size, 

3. Make a new template from the blueprint* 

CHAPTER 11 
DEVELOPMENTS 




Check your method against pages 122-127. 
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KJ diameter of semicircle is diameter of elbow cylinder. 

Semicircle is divided into six equal parts. 

Length of stretch-out (JJ) is computed circumference of the 
circle having KJ diameter. 

Height of stretch-out (JC) is sum of Jd, ca bC. 

Lower outline on stretch-out is made by parallel development. 

Upper outline may be transferred from lower by dividers, but 
in practice lower outline will be used as template for upper, 

Check your method against pages 121-122. 



CHAPTER 12 



ELECTRICAL BLUEPRINTS 



1. Wiring diagrams, schematic diagrams. 

2. a. No. 



b. Schematic. 

3. In construction. 

4. 1. By a half circle, or loop: 



2. When dots are used to show a connection, 




then no dot means no connection: 
6. The outer lines of the symbols are doubled : 



HZ3 lO 



Nonwotertisto. Watertight. 
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CHAPTER 13 
MECHANICAL AND PIPING SYMBOLS 

1. No. 

2. a. The pitch or number of gear teeth per inch, 
b. The number of teeth on a gear. 

3. 



b -8 

CHAPTER 14 
WELDING SYMBOLS 

1. The welding symbol. It contains the weld symbol and up to 
seven more elements of information. 

2. No. The tail of the welding symbol contains the necessary 
process or specification reference. 

3. On the side of the reference line toward the reader. 
4. 

II XXX 

X f. k 
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CHAPTER 15 



ARCHITECTURAL AND STRUCTURAL 
DRAWINGS 

Yes. The comprehensive symbols shown in chapter 15 are used 
only when necessary. 

The salient features of a building site, the property line, con- 
tours, utilities, trees, etc. 



a. 1000 pounds. 

b. K. 
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APPENDIX II 



FRACTIONS AND DECIMAL EQUIVALENTS 



A -.015625 
.03125 



©-!o46875 

.0625 



©-.078125 

.09375 



©-! 109375 
-.125 



©-! 140625 
-. 15625 



©-! 171875 
-.1875 



©-^203 125 
.21875 



©-.234375 

25 



Tow .26562S 
© ^—.28125 
©-.296875 
3125 



©©-.328125 
-—-.34375 
©-.359375 
375 



©-^390625 
.40625 



©-[421875 
-.4375 



©-1453125 
.46875 



©-^484375 



©-.515625 

—.53125 



©-! 546875 
.5625 



® ©-.578125 
.59375 
©-.609375 
.625 



• ©-.640625 
.65625 
©-.671875 

.6875 



©-.703125 

© A 71875 
©-.734375 

75 

• ©-.765625 
~ .78125 
©-.796875 
8125 



® ©-.828125 
^ .84375 
©-.859375 
875 



® ©-.890625 
.90625 
©-.921875 
.9375 



©-.953125 
■^-.96875 
©-.984375 

-1. 
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APPENDIX HI 



SHEET METAL BEND ALLOWANCE 
PER DEGREE OF BEND 



Aluminum Alloys 



Stock thickness 



Bead radios 


0.022 


0.032 


0.040 


0.051 


0.064 


0.091 


0.128 


0.187 






Bend allowance per 1 


0 






Hi 


0.00072 


0.00079 


0.00086 


0.00094 


0.00104 


0. 00125 


0. 00154 


0.00200 


M« 


.00126 


.00135 


.00140 


.00149 


.00159 


.00180 


.00209 


.00255 





.00180 


.00188 


.00195 


.00203 


.00213 


.00234 


. 00263 


.00309 


H 


.00235 


.00243 


.00249 


.00258 


.00268 


.00289 


.00317 


.00364 


^3 


.00290 


.00297 


.00304 


.00312 


.00322 


.00343 


.00372 


.00418 


Mb 


.00344 


.00352 


.00358 


.00367 


.00377 


.00398 


.00426 


.00473 


1*2 


.00398 


.00406 


.00412 


.00421 


.00431 


.00452 


.00481 


.00527 


u 


.00454 


.00461 


.00467 


.00476 


.00486 


.00507 


. 00535 


.00532 





.00607 


.00515 


.00521 


.00530 


.00540 


.00561 


.00590 


.00636 


Mc 


.00562 


.00570 


.00576 


.00584 


.00595 


.00616 


.00644 


.00691 





.00616 


.00624 


.00630 


.00639 


.00649 


.00670 


.00699 


.00745 


H 


.00671 


.00679 


.00685 


.00693 


.00704 


.00725 


.00753 


.00800 


% 


00725 


.00733 


.00739 


.00718 


.00758 


.00779 


.00808 


.00854 


7 At 


.00780 


.00787 


.00794 


.00802 


.00812 


.00834 


.00862 


.00908 


* r ti2 


.00834 


.00842 


.00848 


00857 


.00867 


.00888 


.00917 


.00963 


h-.-. 


.00889 


.00896 


.00903 


.00911 


.00921 


.00943 


.00971 


.01017 


17 /i2 


.00943 


.00951 


.00957 


.00966 


.00976 


.00997 


.01025 


.01072 


!K« 


.00998 


.01005 


. 01012 


.01020 


.01030 


.01051 


.01080 


.01126 


l **2 


.01051 


.01058 


.01065 


.01073 


.01083 


.01105 


.01133 


.01179 


% 


.01107 


.01114 


.01121 


.01129 


.01139 


.01160 


.01189 


. 01235 


*Mi - 


.01161 


.01170 


.01175 


.01183 


.01193 


. 01214 


. 01245 


.01289 


*M# - 


. 01216 


.01223 


.01230 


.01238 


.01248 


. 01268 


.01298 


. 01344 


2 H2 - — 


.01260 


01276 


. 01283 


.01291 


.01301 


. 01322 


. 01351 


.01397 


H.- 


.VI 324 


,01332 


.01338 


.01347 


,01357 


.01378 

1 


.01407 


.01453 
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APPENDIX IV 



SET BACK DEVELOPMENT CHART 



9 

406 
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BEND RADIUS ABOVE 



1 
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STEEL 


LOTH 
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US STANDARD GAGES 






UP TO 0?5 


a 


^25Src? ? ^2 


n?f 
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INDEX 



Addendum, definition, 36 
Alined section of a blueprint, 
29 

Alternate position lines, 22 
Aluminum construction, 

symbols used on drawings 

of, 213-216 
Ammonia prints, 2 
Angle 

closed, 95 

open, 95 
Angular development, 106 
Architect's scale, 51 
Architectural drawings, 196 
Architectural symbols, 197 
Auxiliary projection, 16 

Base-line dimensions, 44 
Basic centerlines, 83 
Basic dimensions, 39 
Basic hole allowance system, 

41, 42 
Bead welds, 176, 177 
Bend allowance, 90 
Bend allowance table, 94 
Bend lines, 24 
Bend relief holes, 102 
Bending machine, 98 
Black-and-white prints, 2 
Blueprints(s) 

care of, < 

detail, 3 

electrical, 120 

final assembly, 3 

folding, 5 

handling, 1 

making, 1 

photographic, 9 

types of, 3 

unit assembly, 3 

wiring, kinds of, 121 

subassembly, 3 
Blueprint colors, 2 
Broken-out section of a blue- 
print, 29 



Center head, use of 62 
Center punch, 64 
Centerlines, 23 

basic, 83 
Centerline dimensions, 44 
Circular pitch, 36 
Clearance, definition, 37 
Closed angle, 95 
Combination square, 79 
Combination square set, use 

of, 62, 63 
Concrete construction, 

symbols used on drawings 

of, 209-213 
Cone, frustum of, 113 
Continuous dimensions, 42 
Conventional break, 30 
Copper sulphate, use of, 81 
Crest, definition, 34 
Crosshatching, 26 
Curve allowance, 90 
Curved surfaces, 17 
Cutting plane action of, 26 

Dash number, 47 
Dedendum, definition, 37 
Depth of a thread, 34 
Detail blueprint, 3 
Development, parallel, 109 
Diagrams 

electrical, types of 121 

mechanical schematic, 135 
Diametral pitch, definition, 36 
Dimension(s) 

base-line, 44 

basic, 39 

centerline, 44 

continuous, 42 

floating, 44 

location, 42 

size, 42 
Dimension lines, 23 
Dividers, use of, 59 
Door symbols, 198-201 
Drawings 

architectural, 196 
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structural, 1 97 
Drawing number, 47 
Duck weights, 65 

Electrical blueprints, 120 
Electrical diagrams, types of, 
121 

Electrical symbols, 127-134 
Electronic symbols, 127-134 
Elementary symbols^ 120 
Engineer's scale, 51 
Exploded views of prints, 10 
Extension lines, 23 
Exterior material symbols, 
226 

Face width, definition, 36 
Fillet welds, 170 
Final assembly blueprint, 4 
Finish marks, use of, 52 
Flash and upset welds, 190, 191 
Floating dimensions, 44 
Folding board, use of, 5 
Frustum of a cone, 113 

Gear drawings, 36 
Gear measurements-, 35 
Geometric construction, 

methods of, 68 
Groove welds, 172-175 



Layout dye, use of, 80 

Layout fluids, use of, 80 

Layout geometry, 68 

Layout tools, kinds of, 66 

Layout work, procedure for, 55 

Lead, definition, 34 

Line(s) 

alternate position, 22 

bend, 24 

comparative weight of, 2 5 

dimension, 23 

extension, 23 

hidden, 22 

long break, 24 

mold, 97 

outline, 21 

short break, 24 

use of, 21, 22 
Location dimensions, 42 
Long break lines, 24 

Major diameter, definition, 34 
Material specifications, 52 
Material symbols, 30, 222-225 
Mechanical schematic 

diagrams, 135 
Mechanical symbols, 135, 

156-163 

Minor diameter, definition, 34 
Mold line, definition, 97 



Half section of a blueprint, 27 
Heat treatment specifications, 
52 

Hidden lines, 22 
Hole centers, locating, 84 

Identification of timbers for 

special grading, 221 
Inside section of blueprints, 

25 

Internal threads, 33, 34 
Involute method of constructing 

a spiral, 74 
Isometric wiring drawings, 

122 

Isometric views, 12 

Large scale map, 51 
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Negative photostats, 3 
Neutral axis, 91 

Odd angles, measuring, 75 
Offset section of blueprints, 26 
Open angle, 95 
Orthographic views, 14 
Outline lines, 21 
Outside threads, 32 

Parallel development, 109 
Pencils, use of in layout work, 
56 

Perspectives, 10 
Photographic blueprints, 9 
Photostats, negative, 3 
Piping symbols, 135, 142-155 
Piping systems, 137 



Pitch, definition, 33 
Pitch circle, definition, 36 
Pitch diameter , definition, 34, 
36 

Plug welds, 178-181 

Point method of constructing a 

spiral, 73 
Power symbols, 156-163 
Prick punch, 64 
Prints 

ammonia, 2 

black-and-white, 2 

Van Dyke, 2 
Projection, auxiliary, 16 
Projection welds, 188-189 

Radial development, construc- 
tion of, 113 

Rangekeeper, mechanical 
schematic of, 1 37 

Reference number, 47 

Relief holes, types of, 102, 103 

Revision block, 47 

Revolved section of a blueprint, 
28 

Riveting symbols, 217, 218 
Root of a thread, 34 

Safety rules in layout work, 89 
Scale 

architect's, 51 

engineer's, 51 
Scale drawings, 51 
Schematic drawing, 4 
Schematic symbols, 120 
Scriber, use of, 56 
Seam jvelds, 186, 187 
Section lining symbols, 32 
Set back development chart, 95 
Shape symbol, 30 
Sheet metal development, 106 
Ship curve, 65 
Short break lines, 24 
Size dimensions, 42 
Slot welds, 182, 183 
Small-scale map, 51 
Spiral, methods of constructing, 

73 

Spline, 65 



Spot welds, 184, 185 
Squares, types of, 62 
Station number, 48 
Steel construction, symbols 

used on drawings of, 213- 

216 

Steel rule, use of, 58 
Steel square, 62 
Straightedge, use of, 59 
Structural drawings, 197 
Subassembly blueprint, 3 
Sy mbols 

aluminum construction, 
used on drawings of, 
213-216 
architectural, 197 
concrete construction, used 
on drawings of, 209-213 
door, 198-201 
electrical, 127-134 
electronic, 127-1 34 
elementary, 120 
exterior material, 226 
general use, for, 207-209 
material, 30, ZZZ-ZZS 
mechanical, 135, 156-163 
miscellaneous, 204, 205 
piping, 135, 142-155 
power, 1 56-1 63 
riveting, 217, 218 
schematic, 120 
section lining, 32 
shape, 30 

timber construction, for, 
219 

weld, types of, 166 
welding*, 165 

how to read, 1 68 
window, 202 -204 

Tabs on templates, 103 
Tangent, 86 
Template(s) 

constructing, 101 

use of, 100 
Template holes, purpose of, 102 
Template tabs, 103 
Thread 

depth of, 34 
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drawing, 31 

internal, 33, 34 

outside, 32 

root of, 34 
Three piece elbow, develop- 
ment of, 112 
Timbers, identification of for 

special grading, 221 
Timber construction, symbols 

used in, 219 
Title block, 46 
Tolerance, 39 
Tracing, 2 

Train views of prints, 10 
Trammel points, use of, 61 
Transfer punch, use of, 102 
Transition, triangular develop- 
ment of, 115 
Triangulation, 115 
Try-square, 62 

Unit assembly blueprint, 3 
Usage block, 54 

Van Dyke prints, 2 



Welds 

bead, 176, 177 
fillet, 170 

flash and upset, 190, 191 

groove, 172-175 

plug, 178-181 

projection, 188, 189 

seam, 186, 187 

slot, 182, 183 

spot, 184, 185 
Welding symbols 

definition, 1 65 

how to read, 1 68 

location of elements on, 167 

types of, 1 66 
Whole depth of tooth, definition, 

36 

Window symbols, 202-204 
Wiring blueprints, kinds of, 121 
Wiring connections, 125 
Wiring deck plans, 124 
Working depth, definition, 36 

Zinc chromate, use of, 81 
Zone number, 48 
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